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Abstract 

The study was conducted in Kohat, Hangu and Karak districts of Khyber Pakhtunkhwa 

from February 2010 to March, 2011. House to house surveys were conducted and 3590 

samples consisting of tissue/blood smears on glass slides, filter papers and tissue 

biopsy/aspirate were collected from cutaneous leishmaniasis (CL) suspected patients. The 

overall prevalence of CL in these studied districts using PCR was 2.54 %. The highest 

degree of prevalence was recorded in Karak that was 3.17 % followed by Kohat 2.70 % 

and Hangu 1.85 %.  Statistical analysis showed that children of age group 0-15 year were 

significantly more susceptible to CL. Although statistically non significant correlation 

was found on gender basis. The highest prevalence of active lesions was recorded in 

March (602 patients), while the lowest prevalence of lesions was recorded in December 

(53 patients). Presence of domestic animals, wall and roof type, presence of internally 

displaced people (IDPs) and were associated with increased risk of cutaneous 

leishmaniasis. Comparison of sensitivity and specificity of different diagnostic assays 

showed that Kinetoplastic DNA- PCR was the most sensitive (97.08%) of all the assays 

while specificity of this assay (77.3 %) was lower than the ribosomal and Internally 

transcribed spacer 1 primers had 100 % specificity. The ITS1-PCR-RFLP analysis using 

Haemophilis III enzyme (Hae III) confirmed L. tropica in 241 out of 275 ITS1 PCR 

amplified products and only 25 of the total samples were recognized as L. major. 

Sequencing analysis using ITS1 gene and 12.0010 gene confirmed L. tropica in 40 

samples representing different villages. This is the first report of prevalence and 

molecular characterization and identification of prevailing Leishmania species from 

Southern districts of Khyber Pakhtunkhwa.  
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INTRODUCTION 

 Leishmaniasis is one of the most important parasitic diseases found worldwide 

and has remained a challenge to public health in more than 65 countries. It has left its 

long lasting mark on different civilizations with the synonyms like Kala azar, Delhi 

boil, Baghdad boil, and Saldana (Moreno and Alvar, 2002; Desjeux, 2004). 

Leishmaniases is caused by an obligate intracellular protozoan parasites of the genus 

Leishmania, belonging to order Kinetoplastida. Human leishmaniasis is caused by at 

least 22 different species and subspecies of the Leishmania genus. In general, 

leishmaniasis is primarily a zoonotic disease  transmitted from reservoir mammalian 

host to human beings by a female phlebotomine sandfly belonging to Diptera: 

Psychodidae during a blood meal. On the basis of clinical signs this disease has three 

forms. Cutaneous leishmaniasis (CL), which is the most prevalent and common form 

of this disease caused by L. tropica, L. major and occasionally by L. infantum. 

Visceral leishmaniasis (VL) is caused by L. donovani complex and the third form. 

Mucocutaneous leishmaniasis (MCL) is caused by L. braziliensis, L. panamensis. 

Diffuse Cutaneous Leishmaniasis (DCL), that is a rarely seen clinical form caused by 

L. aethiopica in the old world and L. amazonensis in the new world (Desjeux, 1996; 

Herwaldt, 1999; Saliba and Oumeish 1999; Ben Ami et al., 2002).  

            The protozoa about 2-5 µm in size have two morphological forms. The non-

flagellar form (amastigote form) is found in macrophages of man and other hosts, 

while the flagellar form (promastigote) is seen in the gut of female sandfly. The 

kinetoplast is the mitochondrion section is located anterior to nucleus in which the 

mitochondrial DNA is arranged in regular arrays of fine fibrils (Chang et al., 1985) 
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These infectious agents persistently survive in reservoir hosts like rodents, 

dogs and sometime in other wild animals e.t.c (Ashford, 1993). CL is either 

anthroponotic or zoonotic. L. major is reported as completely a  zoonotic form with 

variety of animals as reservoirs. CL caused by L. tropica is anthroponotic in urban 

areas and sometime zoonotic in remote rural villages (Klaus et al., 1999). 

Clinically the disease is confirmed by classical microscopy or culture and by 

demonstrating promastiotes in giemsa stained smears. Isoenzyme electrophoresis is 

considered by WHO, the gold standard for species and strain typing. (Le Blancq and 

Peters, 1986; Rioux et al., 1990) but it’s a tedious procedure. Serological assays like 

enzyme-linked immunosorbant assay (ELISA) are important in diagnosis and can be 

used for sero epidemiological studies but they are more expensive and practically 

unaffordable. (Al-Jawabreh et al., 2003). Molecular methods like PCR are used for a 

more sensitive diagnosis and genotyping. (El-Tai et al., 2001; Schoenian et al., 2003). 

Office of International Epizootic (OIE) has mentioned leishmaniasis in list B 

diseases, OIE (2005), being endemic in about 88 countries of the world with about 

350 million populations at risk. The estimated annual number of new cases of CL and 

VL are about 1.6 million and 4 million, respectively. (Bari et al., 2011). An epidemic 

of CL is ongoing in Afghanistan and its neighboring countries like Pakistan and Iran 

with, thousands of cases (WHO, 1996). 

Cutaneous leishmaniasis (CL) was first reported from Pakistan in late 1960s 

(Bhutto et al., 2009). Initially the disease was limited to Northern hilly areas but later 

it spread in most of the parts of country. The precise distribution and prevalence of 

CL cannot be determined due to inadequate and limited information. Previously the 
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disease was thought to be only restricted to some rural and suburban regions, but 

recently an upsurge in the number of CL cases has been observed and it has now been 

reported from many districts in the Khyber Pakhtunkhwa (Peshawar, Karak, Hangu, 

D.I Khan, Kohat and Abbottabad) and Baluchistan (Quetta, Mastung and Peshin), and 

even from Islamabad and Rawalpindi. (Rab et al.,1997). Cases of VL are frequently 

reported from Gilgit and Azad Jammu and Kashmir in many private and 

Governmental hospitals of Abbottabad and the capital Islamabad (Bari and Rehman, 

2008). World Health Organisation (WHO) in 2001 has reported an epidemic from 

Parachinar (Kurrum Agency) in the Federally Administered Tribal Area (FATA) with 

1200 cases estimated (WHO, 2007). The recent increased number of ACL cases could 

be associated with the mass migration of the internally displaced people from 

endemic to non-endemic areas, and also Afghan refugees from endemic areas of 

Afghanistan to Pakistan. According to reports by WHO in 2009, the Pakistan army 

operations in Waziristan Agencies and Orakzai Agency have forced over 50, 000 

people to migrate and seek shelter in Kohat and Hangu Districts thus making these 

districts susceptible to CL (OCHA, 2010). The graph of the disease has gone up 

because of poor survivalence programs and lack of interest of public health 

authorities to control the disease. So many cases go undiagnosed or misdiagnosed 

because of this reason which makes it difficult to predict the exact scale of public 

health impact of this disease (Rehman and Bari, 2003). The first report of sandfly 

vector from Pakistan was in 1924 by Sinton. There are more than 24 species of 

sandfly vector found in Pakistan including Phlebotomus papatsi (suspected vector of 
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ZCL in Pakistan) and P. sergenti (possible suspected vector of ACL (Kellick-

Kendrick,1999). 

Geographically the Khyber Pakhtunkhwa province can be divided into 

Northern zone that extends from the mountain ranges of the Koh Hindu Kush to the 

borders of its capital Peshawar basin and the Southern zone extends from Peshawar to 

the Derajat basin, Dera Ismail Khan. The Northern zone is usually cold and snowy in 

winters in some upper hilly areas. The Southern zone is dry, arid with cold winters 

and hot summers and scantly rainfall. CL is endemic in many parts of Khyber 

Pakhtunkhwa. ACL has been frequently reported from Kohat, Hangu, Karak, D.I 

Khan, Parachinar, Dir and FATA belt especially from Parachinar (Kurram agency) 

and Waziristan Agency (Bari, 2011). There is little information about prevalence and 

species involved in CL in this area as majority of studies are based on case reports by 

medical community. Only one previous study has shown L. tropica as the causative 

agent in the samples obtained from Afghan refugee camps in Timargara, Dir (Noyes 

et a.l, 1999). Moreover the unique prevalence study conducted in Afghan refugee 

camps in Khyber Pakhtunkhwa reported high prevalence (Brooker et al., 2004).  

The diagnosis of leishmaniasis in all these endemic areas is done through 

conventional microscopy, which is not a sensitive technique, so misdiagnosis of CL is 

a common problem. Also many epidemiological factors like geno-typing of 

leishmania strains, role of wild animal reservoirs and sandfly vector have remain 

untouched due to complex geographical and socio political hindrances which are 

frequently encountered in this part of Pakistan. There is no proper case recording 

system for leishmaniasis, so the cases of CL are unable to draw the attraction of 
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health authorities and endemic foci of leishmaniasis are therefore difficult to establish 

and control measures could not be adopted. Moreover, Kohat and Hangu districts 

hosts thousands of Afghan refugees camps as well as internally displaced people 

(IDPs) who have migrated from tribal belt of Kurram Agency, Orakzai Agency and 

Waziristan Agency due to military operations.  

In Pakistan, molecular based diagnosis of leishmaniasis has not been 

employed yet, so there is a need of advance molecular methods like PCR, which may 

complement the microscopy results in the misdiagnosed cases. Species responsible 

for CL in Khyber Pakhtunkhwa province were under question as there are no 

previous studies regarding molecular characterization of leishmania species 

prevailing in this part of Khyber Pakhtunkhwa. Furthermore, serum of CL patients 

can be used to identify some protein markers present that could be helpful in further 

development of western blot technique in future. Keeping in view all these factors, 

three endemic districts Kohat, Hangu and Karak were selected to investigate the 

epidemiology and molecular diagnosis of CL in Khyber Pakhtunkhwa with following 

objectives. 

1. To determine the epidemiology of cutaneous leishmaniasis in Kohat, Karak 

and Hangu districts of Khyber Pakhtunkhwa. 

2. To evaluate the sensitivity, specificity of molecular techniques (PCR) for 

diagnosis of cutaneous leishmaniasis. 

3. To identify Leishmania species prevalent in study districts through Restriction 

Fragment Length Polymorphism and sequencing. 

4. To determine serum protein profile of leishmania infected patients.  
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REVIEW OF LITERATURE 

 
Leishmaniasis is a worldwide neglected tropical disease caused by obligatory, 

intracellular, haemoflagellate protozoan parasites of the genus Leishmania (family 

trypanosomatidae). The disease has many clinical forms, ranging from the self-

healing or non healing cutaneous ulcer lesions (CL) to the more serious life 

threatening the visceral leishmaniasis and muco-cutaneous forms. Within last few 

decades the number of leishmaniasis cases has increased significantly. Due to this 

reason, leishmaniasis is considered by WHO, for its special program for research and 

training in tropical diseases as one of the 6 selected diseases (WHO, 1999). Among 

human protozoan diseases it had the second highest morbidity and mortality rate after 

malaria as stated by Chang et al., (1985). It is prevalent in the 4 continents, Africa, 

Asia, Europe and South America and is endemic in almost 88 countries of the world 

(WHO, 1998). Seventy two among these 88 countries are developing countries 

including Iran, India, Pakistan, 13 of these 88 are least developed and only 16 are 

developed countries (Desjeux, 1996). About 12-13 millions new cases are estimated 

by WHO with over 90% of cases are found in Algeria, Sudan, Pakistan, Afghanistan, 

India, Bangladesh, Nepal and Brazil (WHO, 1996) causing about 0.1 million deaths 

due to VL every year (Ashford et al., 2000). About 1-1.5 million new cutaneous 

leishmaniasis (CL) cases and 600,000 visceral leishmaniasis (VL) cases per year are 

expected with about 350 million people at risk WHO (1998) and (2005). 

2.1 Morphology and Taxonomy of Leishmania 

The protozoan Leishmania that only lives intracellularly exists in two morphological 

forms.  It occurs as a non-flagellar amastigote form in human or animal monocytes, 
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while in protozoal culture and hindgut of sandflies the flagellar or the promastigote 

form is observed (Chang et al., 1995).
 
The taxonomy and classification along with 

geographical distribution of genus Leishmania, is tabulated in Table 2.1. The 

amastigote are small, oval to round, bodies measuring about 2-4 µm and found only 

in the macrophages of infected vertebrate hosts. They are surrounded by a pellicle, 

and are colourless having a homogenous cytoplasm. The nucleus is located centrally 

with a small kinetoplast located anteriorly towards the flagella. The kinetoplast is a 

mitochondrion section containing mitochondrial DNA that is arranged in regular 

arrays of fine fibrils (Chang et al., 1985). The kinetoplast and nucleus can be easily 

seen using hematoxylin-eosin staining and sometime intracytoplasmic portion of the 

flagellum is also seen. The promastigote forms having flagella seen in the culture 

media and in the gut of the sandfly are motile, elongated, organisms measuring 10-15 

um in length with a single flagellum located anteriorly. Rosette (flower patterns) or 

clusters of promastigotes are observed during early growth phase. A layer of 

subpellicular fibrils supported by double membrane is found in amastigotes. These 

fibrils run in a spiral form from the flagellar base towards the apical end located 

posteriorly. The fibrils are retained losing one of the membranes is lost during 

transformation of the amastigotes to promastigote form. Amastigotes lack true 

developed flagellum but a short flagellar like out growth is present near kinetosome 

having 9x2 fibril configuration and extends outside the flagellar pocket. 
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Table 2.1 Classification of Leishmania 

Kingdom Protozoa 

Subkingdom Protista 

Phylum Sarcomastigophora 

Sub phylum Mastigophora 

Class Zoomastigophora 

Order Kinetoplastida 

Genus Trypanosomatina 

Species  L.tropica complex, L.donovani complex, 

L.mexicana complex, L.braziliensis complex 
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2.1.1 Leishmania Genome 

Leishmania chromosomes are mostly diploid (Beverley et al., 1987; Wong, 1995) 

with some of them being aneuploid (Bard, 1989). Now a days the phenomenon of 

diploidy of Leishmania chromosomes is widely accepted. About 22 to 33 

chromosomes in leishmania species have been identified. León et al., (1996) reported 

that number of chromosomes ranging between 20 to 25 pairs are found in both New 

and Old World species. However, Webb et al., (1991) has characterized total of 36 

chromosomes in L. donovani and L. infantum. These are linear chromosomes ranging 

between 200-4000kb in length possessing telomeres but centromeres have not yet 

been identified (Lighthall and Giannini,1992). 

2.1.2 Kinetoplast 

Kinetoplast DNA (kDNA) represents the mitochondrial DNA (mtDNA) of the  order 

kinetoplastida and accounts to 10-20% of the total DNA (Simpson, 1987). It is a 

network of closely packed circular DNA, divided into 2 classes: the homogenous 

maxicircles (~25-50 molecules of 20 kb) and the heterogeneous minicircles about 

800bp and has as many as 10,000 copies. The maxicircle is the functional counterpart 

of the mitochondrial DNA, nevertheless its role in the editing of Uracil residues into 

mRNA nucleotides has been demonstrated (León et al., 1996). The minicircles 

encode guide gRNA for editing of cytoplasm oxidase subunit mRNA III (Sturm  and 

Simpson, 1990). 

2.2 Geographical distribution of Leishmania species 

There are two main subgenera of lesihmania on the basis of distribution of leishmania 

in the sandfly gut, these include subgenus Viannia that develop in hindgut and 
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subgenus leishmania that develops in the foregut and midgut of female sandfly. 

Parasites of the subgenus Viannia only occur in the New World whereas species of 

the subgenus Leishmania belong to the L. tropica complex (L. tropica, L. aethiopica, 

L. major) L. donovani complex (L. donovani, L. infantum, L. chagasi/infantum, L. 

archibaldi); and L. mexicana complex (L. mexicana, L. amazonensis, L. 

venezuelensis) (Shaw, 1994). The classification and geographical distribution of the 

leishmania species are presented in the following table 2.2 
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Table 2.2: Different Leishmania species and their geographical distribution 

Leishmania 

complex 

Specie Disease Geographical 

distribution 

Reference  

L.donovani 

 

 

Visceral form 

(VL) 

 

 

Sudan, East 

Africa, Asia 

(India, 

Bangladesh) 

L.infantum 

 

 

Visceral form 

(VL) 

 

 

Mideterrenian 

basin,India, 

Pakistan, China 

L.donovani 

L.chagasi Cutaneous form 

(CL) 

Brazil, Colombia, 

Central America 

Bari et al., 

(2008) 

L.major 

 

Zoonotic 

Cutaneous(ZCL) 

World wide 

L.tropica 

 

Anthroponotic 

Cutaneous(ACL) 

World wide 

 

L.tropica 

L.aethopica Diffuse cutaneous 

(DCL) 

East Africa, 

Yemen 

Juma khan et 

al., (2004) 

L.mexicana 

complex 

L.amazonensis 

L.pifanoi 

L.garnhami 

L.venzuelensis 

 

Cutaneous 

Cutaneous 

Cutaneous 

Cutaneous 

 

Mexico, 

Guatemala, 

Honduras, 

Venezuela 

Shaw et al., 

(1994) 

L.braziliensis L.guyanensis 

L.braziliensis 

L.peruvanis 

L.panamensis 

Cutaneous 

Mucocutaneous 

Cutaneous 

Cutaneous  

Brazil, East Andes, 

Peru, Venezuela, 

Panama 

Shaw et al.,  

(1994) 
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2.3  Vector 

Leishmaniasis is transmitted by bite of an insect vector, Sandfly of the order Diptera, 

family Psychodidae, subfamily Phlebotominae and genus Phlebotomus. They have 

word wide distribution and mostly found in the tropical regions of the world with hot 

and dry climates.  The Phlebotominae subfamily consist of 5 genera and about 600 

species. Species belonging to genera Sergentomyia, Phlebotomus, Lutzomyia are 

known to be responsible in transmission of leishmaniasis with  Phelobotomus being 

the most pathogenic genera. Transmission of leishmania parasites in old world and 

new world is done by members of genus Phelobotomus and lutzomyia respectively. 

Adult female sandflies are small insects, yellowish to grayish in colour having 

average length of 2-5 mm, with curved bodies and with upward erect wings and long 

hairy legs. The eyes are relatively larger and black (Kakarsulemankhel, 2004). 

Sandflies prefer to live in warm, dry habitats and breeding take place in wild rodent 

burrows, crevices, holes of stream and river banks, trees and cracks of walls and roofs 

of houses in the Old World while the Lutzomyia sandflies also breed in the forest 

litter (Kellick-Kendrick, 1986).
 
Sandflies have weak flight and are nocturnal having a 

characteristic hopping type of low flights of only few meters above the ground level 

and avoid strong windy and rainy season. Eggs usually hatch in 5-20 days requiring 

high level of humidity. The larvae development takes place by feeding on 

decomposing organic material, litter containing fecal material of rodents and 

domestic animals. The lifecycle is usually completed in 1-3 months depending upon 

specie of sandfly and on suitable climatic conditions. The adult sandflies (both male 

and female) feed on plant nector but female sandfly also need blood of mammals and 
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birds for oviposition. Due to this reason only female sand fly transmit the leishmania 

parasite during bite on animal host. Depending on species and feeding patterns and  

host preferences the old world sandflies are active during two periods in a year, one in 

June or July (summer) and the other in August or September (autumn).   

2.4 Life cycle and Host parasite relationship (Pathogenesis) 

Leishmania species have life cycle between sand fly vectors and vertebrate hosts in 

either the amastigote or promastigote form (Peters et al., 1986; Morsy, 1996). Both 

the forms replicate through binary fission but in different hosts (Sewice, 1980). The 

life cycle starts with the bite of infected female sand fly that inoculates a vertebrate 

host (humans) with flagellated promastigotes. These metacyclic promastigotes enter 

the skin of the vertebrate host through the bite of infected sandfly. It may inoculate 

20-200 promastigotes into the skin. Macrophages are the first line of defense in host 

skin and  phagocytose the invading promastigotes. Unfortunately, leishmania 

protozoans are capable of survival within the macrophage where they are transformed 

to change from flagellated promastigotes to non-motile aflagellated amastigotes 

(Ashford, 1998). In the vertebrate host, the amastigotes contained within 

macrophages are capable of dividing by binary fission. The amastigotes divide 

repeatedly until the macrophage are lysed and new amastigotes are released to infect 

fresh neighboring phagocytic cells. Within the macrophages and other related cell 

types, they live within the phagocytic vacuole, where they develop and multiply. At 

some stage a single infected cell may harbour up to 20 or more amastigotes bursts and 

release free amastigotes, which infect other fresh cells (Bates, 1993). The infected 

macrophages move from the skin to other tissues through blood reaching the spleen, 
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liver and bone marrow, while certain parasites depending upon specie exhibit a 

specific tropism for each given host e.g. dermatotropism or viscerotropism. The 

features that control this tropism has not yet been revealed but are thought to include 

both host and parasite genetics as well as the status of host immunity. (Molyneux and 

Killick-Kendrick, 1987; Hommel, 1999).  

2.5 Reservoir hosts 

Most type of leishmaniasis are zoonotic (transmitted from animals to humans, or from 

wild reservoir hosts), and humans become infected when exposed to the bite of 

infected sandflies. However, in the anthroponotic form (transmitted from one human 

to another human through the sandfly vector), humans are probably the sole reservoir 

host (WHO, 1996), although dogs are found to be occasional reservoir host found in 

Morocco. The reservoir of L. chagasi and L. infantum, is usually dog, but in several 

Old World and New World wild animals like foxes, rats, opossum and raccoon and 

may also act as reservoirs in some areas. The reservoir of L. donovani is mainly 

humans (Hommel, 1999), although other species are sometime found to be infected in 

Africa for example Arvicanthis niloticus in some parts of Sudan (El-Hassan et al., 

1995). Domestic dogs are incriminated as a reservoir host of American cutaneous 

leishmaniasis caused by L. braziliensis, and L. panamensis or sometimes by L. 

peruviana (Reithinger and Davies, 1999). Rodents and Great Gerbils (Psammomys 

obesus) have been identified as a reservoirs host of L. major in different Asian 

countries (Rioux et al., 1990;  El-Sibae et al., 1993). Also Psammomys obesus is 

thought to be suspected reservoir host of L. major in Egypt (Morsy et al., 1996).  
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2.6 Clinical forms of Leishmaniasis 

Clinically leishmaniasis is subdivided into three distinct forms that are cutaneous 

leishmaniasis (CL) caused by L. tropica, L. major, an, rarely, L. infantum and L. 

donovani, in the Old World and L. mexicana in the New World; visceral 

leishmaniasis (VL) caused by members of the L. donovani complex and rarely, by L. 

tropica in the old world and rarely by L. amazonensis in the new world and 

mucocutaneous leishmaniasis (MCL) caused by L. braziliensis, L. panamensis, and L. 

guyanensis, in the new world, with reported cases by L. donovani, L. major, and L. 

infantum in the old world. Sometimes a special form of CL is described as a fourth 

form that is diffused cutaneous leishmaniasis (DCL) caused by L. aethiopica in the 

old world and L. amazonensis in the new world (Ben Ami et al., 2002; Bulle et al., 

2002). CL manifests itself starting in the form of small erythematous papule through 

nodules and to more severe ulcerative lesions. Unusual clinical manifestations 

observed  are sporotrichoid patterns that are subcutaneous nodules developing along 

the way of  lymphatics and hyperkeratosis as well as leishmaniasis recidivans which 

is also known as lupoid leishmaniasis (Bari et al., 2011). In the Middle East and 

South Asian countries, it is very difficult and even impossible to differentiate by the 

clinical examination whether the case was caused by L. major or L. tropica. (Klaus 

and Frankenburg, 1999). Visceral leishmaniasis (VL), or Kala-azar that is systemic 

form is associated with prolonged fever, splenomegaly, hepatomegaly, substantial 

weight loss and progressive anemia. It is usually fatal if left untreated and often 

complicated due to presence of secondry bacterial infections (Sundar and Rai, 2002). 

A serious complication to Kala-azar is post Kala azar dermal leishmaniasis (PKDL) 
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which appears within few months or years after the cure of VL (Ashford, 2000). 

Mucocutaneous leishmaniasis (MCL) is also severe form of CL, because it produces 

disfiguring lesions of the face, nose and throat (Desjeux, 1999). They commonly 

appear in the mouth and nose resulting in erosion and subsequent destruction of 

underlying tissue and cartilage (Ashford, 2000). If the lesions spread to the hard 

palate of the mouth and to the larynx, they may damage the larynx and affects the 

speech. Other symptoms may include fever and weight loss. There is always a danger 

of secondary bacterial infection in the already open sores. Diffuse cutaneous 

leishmaniasis (DCL) results in chronic skin and disseminated lesions resembling 

those of lepromatous leprosy (Bari et al., 2011) 

2.7 Diagnosis 

2.7.1. Microscopy 

The clinical diagnosis of CL according to WHO Recommended Surveillance 

Standards (1999) is confirmed by observing the amastigotes by  Giemsa stained 

smear microscopy and/or in-vitro culture. As discussed by Klaus et al., (1999) and 

Ashford, (2000), these amastigotes are intracellularly present in monocytes and 

macrophages, but they may also be found as extracellular parasites. Using light 

microscopy (100x) in a Giemsa stained smear, the amastigotes are observed as blue 

oval bodies, 2–5 µm in diameter having a single violet or blue nucleus. The point-

shaped kinetoplast is difficult to see in amastigotes under the microscope. In in-vitro 

culture, the flagellated motile promastigotes that are longer than amastigotes are 10-

15 µm in size and they are usually seen under light inverted microscopy moving 

rapidly in a zig-zag motion with the help of flagella. Promastigotes form is present in 
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the gut of female sand-fly vector. The two species (L. tropica and L. infantum) of 

leishmania are two different parasites with each having a distinct transmission 

pattern. However, they cannot be differentiated by morphology, neither 

microscopically as amastigotes in smears nor as promastigotes by in-vitro culture. 

Other techniques are usually needed to diagnose and characterize different species of 

Leishmania (Zilberstein and Shapira, 1993) Leishmania amasatigotes from 

tegumentary diseases forms can be achieved up to 60-65 per cent while the sensitivity 

of culture remains less than 42 per cent. It is mainly due to high chances of culture 

contamination of these samples (Singh and Sivakumar, 2003) 

2.7.2 Culture of parasite 

Isolation of the causative agent from the clinical sample is one of the most specific 

diagnostic critera and it is also used to characterize the organisms up to species or 

genus level. The promastigote form can be isolated from clinical samples and 

cultured on solid NNN medium having 20-30 percent rabbit blood or in liquid 

Schneider’s insect medium or RPMI 1640 medium (Gadisa et al., 2007). Splenic and 

liver aspirate can be used to grow promastogotes in 90 percent of active Kalaazar 

patients. Various other liquid media such as M199, Tobies medium supplemented 

with 10 percent foetal calf serum can be used. Human urine has been successfully 

used to replace foetal calf serum in in vitro culture of leishmania parasites (Singh et 

al., 2000). The promastigotes in vitro transformation in the NNN medium usually 

starts after 3-7 days post incubation at 22-26 C in incubator. The wet mounts smears 

prepared from the liquid part of this biphasic medium shows motile organisms, the 

details of which can be seen after staining the smear with Giemsa stain or any other 
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Romnowsky’s stain. Culture based diagnosis of muco-cutaneous leishmaniasis has 

low sensitivity as the number of organisms are often too scanty. The biggest 

limitation is culture contamination at early stages, even in well-established laboratory 

setups (Liarte et al., 2001) 

2.7.3 Isolation in experimental animals 

Alternative methods can be used to isolate the parasites. Inoculation of the clinical 

sample into a susceptible BALB/C mice or into a hamster footpad or nose may 

improve the yield of parasites. Biopsy samples of innoculated animal lesions can be 

histologically evaluated that may be characteristic but needs additional identification 

of the amastigote. Weigle et al., (1987) compared 7 methods of diagnosing 

leishmaniasis in 178 patients having  lesions of the skin or mucosa. Microscopic 

methods of observing amastigotes in these tissue samples were less sensitive than the 

Leishmania isolation methods like culture. The tissue aspirate culture and biopsy 

from inoculated hamster methods employed in this study proved to be most sensitive 

of the four methods for the isolation of parasites. Mucosal lesions were best 

diagnosed using the culture or hamster inoculation with macerated mucosal biopsy. 

The diagnosis of parasites by inoculation of hamsters or mice was achieved within 2 

to 14 weeks, a mean of 36.5 days (Shatry et al., 1988). In another study from Kenya 

on VL splenic or subcutaneous aspirates were taken from suspected visceral or 

cutaneous leishmaniasis patients and were divided, a portion of which was inoculated 

into NNN medium with an overlay of Schneider’s medium for routine parasitological 

diagnosis. The remaining portions of those aspirates were used for microscopy and 

for subcutaneous inoculation into hind foot-pads of hamsters and BALB/c mice. 
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Saline aspirates obtained from these innoculated in foot-pads 3-15 days post 

inoculation were inoculated into Schneider’s medium and examined for presence of 

promastigotes. Mouse foot-pad aspiration method resulted in parasites yield in 94 

percent of all patients, and in over 85 percent of the confirmed cases of leishmaniasis. 

Combined culturing and aspirate smear examination were more efficient than foot-

pad inoculation alone for the confirming leishmanial infection  (Shatry et al., 1988).  

2.7.4 Isoenzyme Analysis / Multilocus enzyme electrophoresis 

Isoenzyme analysis is the gold standard method for species and strain typing and also 

recommended for WHO for species identification (Le Blancq and Peters 1986; Rioux 

et al., 1990). This analysis showed that L. tropica has more polymorphism than 

L.major. Multilocus isoenzyme electrophoresis (MLEE) is therefore considered the 

gold standard and reference method for identification and classification of species and 

strains, and for studying differences within leishmania species (Rioux et al., 1986; 

Russell et al., 1999). For this analysis promastigote mass cultures isolated from 

specimens are used. There are 10 to 20 different isoenzymes  utilized. The enzymes 

which are commonly used are phosphoglucomutase (PGM); glucose-phosphate 

isomerase (GPI) , glutamate oxaloacetate transaminase (GOT), malic enzyme (ME), 

6-phosphogluconate dehydrogenase (6-PGD), glucose-6-phosphate dehydrogenase, 

G6PD,  nucleoside purine phosphorylase (NP), malate dehydrogenase MDH, 

mannose phosphate isomerase MPI, isocitrate dehydrogenase ICD, diaphorase 

nicotinamide adenine dinucleotide DIA, glutamate dehydrogenase, GLUD, fumarate 

hydratase FH. For every run, a WHO reference strain is used as control. These 

isoenzyme techniques and the zymodeme nomenclature described are those of 
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Montpellier center (CNRL) (Le- Blanq et al., 1986; Nimri et al., 2002). MLEE has 

another advantage of backing a large data and a well-established reference laboratory 

(Rioux et al., 1986). But there some disadvantages MLEE has. It is expensive, slow 

and laborious (takes 2 days) and it is quiet difficult to compare the raw data analysed 

by this technique from different laboratories. The need of large amount of in-vitro 

culture makes it unsuitable for higher throughput analyses (Andresen et al., 1996; 

Noyes et al., 1996, Jamjoom et al., 2002). A major disadvantage of this technique is 

that it can determine only phenotypes and not genotypes. In addition, any nucleotide 

substitution that do not change the composition of amino acid remains undetected, 

and the same is also true for changes in the amino acid composition that does not 

influence the electrophoresis mobility. Another disadvantage is that the house-

keeping genes analysed by MLEE technique are probably under selective pressure so 

that mutations detected are not neutral. Furthermore, MLEE depends on the 

assumption that the parasite’s isoenzyme types or zymodemes represent stable 

multilocus genotypes. This is only true if genetic recombinations are almost absent in 

natural populations of the Leishmania (Jiménez et al., 1997). 

2.7.5 Serological techniques  

There are many serological assays which are very useful in diagnosis of other 

bacterial or viral infectious diseases like Enzyme-linked immunosorbant assay 

(ELISA) that were observed to be valueless for diagnosis of CL (Al-Jawabreh et al., 

2003), but others techniques like EF serotyping was employed to the serotype of two 

species from promastigotes cultured (Jaffe and Sarfstein, 1987; Schnur et al., 1990).  

Indirect diagnostic methods including the relatively sensitive, but not highly specific  
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procedure is the Leishmanin skin test (LST) also known as the Montenegro reaction 

(delayed hypersensitivity type test) (Montenegro, 1926). Leishmanial antigen either 

killed promastigotes, or disrupted promastigotes in pyrogen free phenol saline 

solution is injected intradermally and a delayed type hypersensitivity reaction can be 

observed. But a cross-reaction has been reported with tuberculosis (Mycobacterium). 

Leishmanin skin test is also used as an indicator of the distribution of cutaneous and 

mucocutaneous leishmaniasis in humans, but in case of VL usually only after 

treatment (Sadeghian et al., 2006). Unlike for CL, the most sensitive and specific test 

for the diagnosis of visceral leishmaniasis include serological assays such as the 

ELISA. A highly specific recombinant antigen, K39, which is part of a kinesin-

related gene has been prepared few years back that contains a repetition of 39 amino 

acid residues. It is being widely used for diagnosis meanwhile K39 based ELISA was 

found to be more sensitive and specific than other immunoassays including crude 

leishmania extracts such as the direct agglutination test (DAT) and in soluble antigen 

ELISA used before. Recombinant K39 has been widely used in India and other 

countries for detecting visceral leishmaniasis even in immunocompromised patients 

with HIV-VL co-infection (Singh, 2006). Western blots have been used as another 

diagnostic tool to identify anti leishmanial antibodies using leishmanial antigens. In 

this technique several antigenic products can be differentiated by using different 

antibodies in one assay. Before recombinant K39 was introduced, the Western blot 

technique also proved to be the most sensitive and specific of all serological methods 

for diagnosis of leishmaniasis. The development of the rk39 dipstick test has been 

successfully employed in the diagnosis of VL and PKDL in India and was found to be 
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95-100 % sensitive when tested in VL patients (Schallig and Oskam, 2002). 

Therefore DAT is a comparatively simple and economical test suitable for field work 

and for screening VL patient sera in the laboratory (Harith et al., 1986). The method 

is based on the agglutination of stained promastigotes either freeze-dried form or in 

suspension form with Leishmania-specific antibodies. The leishmanial freeze-dried 

form is more stable and improves the usefulness of DAT in the field work. The 

sensitivity of this test for leishmaniasis is almost 100 % and the specificity is equally 

high except when used in countries with Chagas disease where crossreactivity with 

Trypnosoma cruzi is being observed (El Harith et al., 1988). 

2.7.6 Serum protein analysis 

During the infection studying the serum protein profile will yield important 

information regarding the pathogenesis of disease being investigated. Biomarkers and 

therapeutic targets can be identified using this analysis. Proteomic studies of human 

body fluids particularly sera in the recent years have resulted in identifying potential 

biomarker candidates for many pathological and non pathological conditions (Hu Su 

et al., 2006). Previous studies probing the electrophoretic pattern of serum proteins in 

VL have reported decreased serum albumin levels and increased serum 

immunoglobulin levels which can be used as a supporting evidence for diagnosis 

(Shankar et al., 1959). Patient’s sera analysis using 2-dimensional western blot and 

parasites isolated from VL patients, detection of  immune responses for 330 different 

leishmania antigens was done successfully (Fogber et al., 2006). However, there were 

no previous significant study investigative of the protein profile of the VL patients’ 

sera. The first report using the difference in gel electrophoresis (DIGE) study of VL 



Chapter 2                                                                                       Review of Literature 

23

patient’s sera and the mass spectrometry of the different expressed proteins 

(Rukmangadachar et al., 2011). 

 
2.7.7 Molecular Biological methods 

2.7.7.1 Polymerase Chain Reaction (PCR) 

Molecular methods are used for a more sensitive and specific diagnosis and 

genotyping. PCR techniques like Internal transcribed spacer PCR (ITS1-PCR) and 

permissively primed intergenic polymorphic PCR (El-Tai et al., 2001; Schoenian et 

al., 2003) were able to detect and to identify Leishmania at species level. When these 

and other techniques, like single-strand conformational polymorphism (SSCD) of the 

ITS1 of ribosomal DNA (rDNA) was used for strain typing. L. tropica proved to be 

more variable specie as compared to L.major (Schönian et al., 2001). These different 

DNA based methods have been used for characterization of isolates of Leishmania 

and may be used at following three different levels. 

A) Genus level is done by performing PCR using Leishmania common primers 

(kDNA) depending on direct identification of the parasite in clinical samples 

(Piarroux et al., 1994; Andresen et al., 1997; Osman et al., 1998). 

B) Species level identification is done using different methods such as PCR which 

depends on leishmania species specific primers (Ibrahim et al., 1994) followed by  

restriction fragment length polymorphism (RFLP). In this technique the enzyme 

targets genomic DNA, kDNA or ITS PCR amplicons. Analysis of kinetoplast DNA 

and nuclear DNA by Southern blot hybridisation with leishmania specific DNA 

probes (Barker, 1989; Van Eys et al., 1991). DNA fingerprinting can also be done by 

using  specific DNA probes complementary to repetitive DNA sequences (Macedo et 
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al., 1992). PCR fingerprinting approach using single arbitrary or non-specific primers 

is also useful (Pogue et al., 1995; Schönian et al., 1996). Molecular karyotyping  and 

sequencing of species specific genes e.g. sequence of ITS 1 (space located between 

the small subunit rRNA and the 5.8S rRNA genes) are found to be species specific 

(Lighthall and Giannini, 1992).  

C) Strain level detection using molecular methods are capable to detect intra-specie 

variation among isolates of Leishmania belonging to the same species such as 

sequencing and PCR fingerprinting approaches in which non specific single primers 

and the RFLP restriction analysis of the amplified ITS region (Schönian et al., (2000) 

and (2001) SSCP are frequently used (Van Eyes et al., 1992; Lewin, 2000). High 

levels of inter and intra species variations were observed in Leishmania species of the 

subgenus Viannia by amplification and restriction of the rapidly evolving ITS in 

ribosomal operons. So this approach has made it possible to distinguish species and 

strains of new world Leishmania isolates based on their restriction patterns which are 

characteristic of them (Cupolillo et al., 1995). The main disadvantage of this 

technique is its ability to detect either point mutation that affecting restriction site or 

deletions or insertions that change the size of the fragment produced (Orita et al., 

1989). Other techniques must be employed to obtain information about the part of the 

sequence not covered by this type of analysis.  

PCR- fingerprinting method does not depend upon availability of the DNA sequence 

of the target and any previous knowledge about this sequence (Williams et al., 1990;  

Tibayrenc et al., 1993). Detection of genetic polymorphism among species and strains 

of Leishmania parasite using these PCR techniques has been described by Noyes et 
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al., (1996) and Schönian et al., (1996). The limitation of these methods is that they 

can only be used on cultured parasites. Other limitation can be the contaminating host 

DNA that would mask the signal from the parasite target DNA (Noyes et al., 1996). 

D) Direct sequencing of PCR products is another approach that is commonly used 

for studying typing, population genetics, designing specific PCR primers and 

detection of variation in sequence of a particular gene (Bevan et al., 1992; Reddy, 

1995). Although it is only qualitative analysis that is possible to detect polymorphism 

in a sequence but it is not possible to separate and quantify the number of sequence 

variants. The significant level of size and sequence heterogeneity in a particular DNA 

exists so it may be sometime difficult or even impossible to read a sequence (Gasser 

and Chilton, 1995). So PCR products are usually cloned into a plasmid vector to 

overcome this problem. But cloning of PCR products may be a tedious and time 

consuming job (Noyes et al., 1996). Limitations of nucleic acid sequencing is that it 

is laborious, difficult and expensive if to be done at mass level. Recently, automated 

sequencer have been developed for faster and easier sequencing. 

2.7.7.2 Single-stranded conformation polymorphisms (SSCP)  

Analysis of the target DNA has been developed to find single base differences in 

genes, which could be then useful as future genetic markers (Gasser, 1997; Gasser 

and Zhu, 1999). The principle of this method is that the electrophoretic mobility of a 

single-stranded DNA molecule is dependant on its structure and sizes when run in a 

non-denaturing gel. The secondary and tertiary structures in the single stranded DNA 

molecules are produced as a result of base pairing between complementary 

nucleotide. So species-specific patterns as well as intra-species variation may be 
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observed using SSCP during entomological studies (Hiss et al., 1994). So far, there is 

only a single report that describes the use of isotopic SSCP as a useful tool for the 

identification of Leishmania at the complex genomic level that is based on the 

observation of point mutations in the central part of the small subunit ribosomal RNA 

genes (Van Eys et al., 1992). 

2.7.7.3 Microsatellites  

Microsatellites or Short Tandem Repeats (STRs) also known as simple sequence 

repeats (SSRs) which were discovered in 1981, are actually tandemly repeats of 1-6 

nucleotides found in all eukaryotic and prokaryotic genomes and are present in both 

coding, non-coding regions (Ellergan, 2004). They are highly variable and 

polymorphic and densely distributed throughout eukaryotic genomes, so 

microsatellites are easy to genotype and hence a preferred genetic marker for 

mapping of high resolution genetic as differences (Dib et al., 1996; Cooper et al., 

1999). Dinucleotide repeats are dominant type, followed by mono nucleotides and 

tetranucleotide repeats, whereas trinucleotide repeats are least common type. 

Sometimes repeats of penta or hexanucleotides can also be observed. Generally, 

(CA)n repeats among dinucleotides are most commonly observed followed by (AT)n, 

and (GA)n. The last type of repeat (GC)n is rare (Ellergan, 2004). Microsatellite loci 

are characterized by the presence of multiple alleles, which shows as sharp contrast to 

DNA sequences that are unique. About 3% of the human genome are microsatellites 

(International Human Genome and Sequencing Consortium, 2001). The Leishmania 

genome is  rich in microsatellites containing about 600 (CA)n loci in one haploid 

chromosome (Rossi et al., 1994). Currently a Leishmania genome 
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project.(http://www.sanger.ac.uk/Projects/L_major/) is in progress, the findings of 

which showed that L.major Friedlin genome is about 32.8Mb in size and 36 

chromosomes.  Microsatellite analyses  have many other applications other than gene 

mapping used for population genetics, forensic DNA studies, and conservation of 

biological resources, assessment of population subdivision (Jarne and Lagoda, 1996) 

and phylogenetic relatedness (Queller et al., 1993), parentage analysis (Bowcock et 

al., 1994), and inbreeding measurement  (Coulson et al., 1998) 

2.8 Treatment 

Most of CL active lesions heal spontaneously in 8-12 months. However it is very 

difficult to live for one year with a lesion on the face (cheeks, nose, lips, chin) which 

caused disfiguration and sometimes serious complication due to secondary bacterial 

and fungal infection. Specific treatment is the only choice for such patients to achieve 

early healing of the lesipon. Dowlati, (1996) reviewed many types of therapeutic 

protocols for CL. Among the methods tried were thermotherapy, cryotherapy using 

liquid nitrogen and surgery of the lesion with varying degrees of success (Al Majali et 

al., 1997; Reithinger et al., 2005). The intralesional injections of pentavalent 

antimonials, e.g. meglumine antimonite and sodium stibgluconate commercially 

known as Glucantime (Aventis) and Pentostam (Glaxowellcom) respectively are the 

most common treatment practicesd in almost all parts of the world where 

leishmaniasis is found (WHO, 1990).  Glucantime is usually injected intralesionally 

(IL) or intramuscularly (IM) and  Pentostan can be given both by IM or IV route 

depending on the progress and stage of the lesion. In the case of systemic treatment 

by IV route, a patient should be hospitalized and liver enzymes should be regularly 
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monitored. Different type of antibacterial and anti fungal topical ointments are also 

used. Paromomycin (aminindine) when combined with methyl benzethonium chloride 

gave different results and is found to be more effective in infection by L.major (Klaus 

et al., 1999) than L. tropica. In a few cases it takes more than 8-12 months for larger 

lesions on the nose or lips to heal up (observations from patients with chronic 

lesions).  Patients with lesions less than 3-4 weeks old are usually not treated as to 

develop long lasting natural active immunity and advised to come back after the said 

time period. 

2.9. Control 

Some of control measures is to target the animal reservoirs specially by eliminating 

the rodents or by destroying animals’ food places and sources or by destroying the 

rodents burrows as previously practiced in Jordan and Tunisia (Klaus et al., 1999; 

Ashford, 1996). Control of leishmania is the result of breaking one or another factor 

in the lifecycle of the parasite (sandfly or animal reservoir). Variety of methods may 

be tried because there is no single method used for all types of environments and one 

may be successful in one place and may fail in another place. More importantly, cost 

effectiveness of the control method applied has to be considered before actually 

applied. Moreover, control measures should be regularly revised and evaluated after a 

specific time period. The sand fly vector is another critical target for leishmania 

control. The control of sandfly included the removal and destruction of breeding sites 

by removing garbage, litters and debris left near houses in streets and by covering 

cracks in houses and other buildings. Spraying of an effective insecticide inside 

houses and outside other buildings and under windows are used. Biological control of 
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sandfly by plantation of Bougainvillea glabra was shown to decrease the risk for 

leishmaniasis as it reduces life span of sandfly (Schlein et al., 2001). Use of 

impregnated bed nets in endemic areas with various insecticides like Deltamethrin 

were successfully applied with significant reduction in CL incidence rate (Alten et al., 

2003) 

2.10. Epidemiology of Leishmaniasis 

2.10.1. Global Epidemiological View 

WHO has estimated a prevalence of approximately twelve million people infected 

with leishmaniasis worldwide where 1.0 to 2.0 million new cases of CL and 

approximately 450,000 to 650,000 new cases of VL per year. Leishmaniasis is 

endemic in more than 88 countries of world and about 350 million people are 

estimated to be at threat. Confirmed clinical cases of VL have been reported from 

more than 66 countries with almost 90% of the world’s VL occurs in five countries 

(India, Nepal, Bangladesh, Brazil and Sudan), and 90% of all CL cases in world are 

concentrated in 7 countries (Afghanistan, Pakistan, Algeria, Brazil, Peru, Iran, Saudi 

Arabia and Syria) showing that Asian countries are a main focus for cutaneous 

leishmania in the world (Kumar et al., 2007). Similarly, for MCL (most feared form 

causing disfiguration of face) at present about 90% of all MCL cases occurs in 

Bolivia, Peru and Brazil.  
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2.10.2. Epidemiology of CL in Pakistan neighbor countries 

Pakistan shares its borders with India in the East, Afghanistan in West and North, Iran 

in South-West and China in far North-East. All the three forms of leishmaniasis are 

found in neighboring countries of Pakistan. CL is endemic in Afghanistan and Iran, 

whereas VL is endemic in many parts of India. Pakistan shares more than 2100 kms 

border (Durand Line) with Afghanistan. 

2.10.2.1. Leishmaniasis in Afghanistan 

Fleming working as Surgeon Major of British Indian Army in 1889 was the first man 

to report CL from Pak-Afghan region, who reported a few cases of skin ulcers in 

European soldiers who arrived to capital Kabul had been deployed some months at 

the Kandahar province. The lesions had almost similar characteristics and histories to 

those of Delhi ulcer. He named these lesions as “Kandahar Sores”(Fischer, 1944) 

Perhaps the first report about the confirmed cases of CL  in children from Northern 

Afghanistan region was reported by Cutler, (1950). Eliseev and Kellina, (1963) 

studied prevalence of CL in many provinces of Afghanistan. ZCL was found in some 

Northern provinces of Afghanistan close to the Russian border. They reported 

greatest incidence of CL in the low populated areas like deserts and pre mountainous 

localities, where the residents, mostly acquired this disease during childhood and had 

developed some immunity. Out-breaks were also noted among the newly arrived 

individuals. They also showed that ZCL was more prevalent in the stony deserts of 

western part and in south western Afghanistan. The presence of urban CL was also 

reported in Herat and Kandahar. In Herat and Kandahar about 60- 80 percent of the 

population was found affected with ACL. However, there was no case of ZCL 
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reported in the Eastern part of Afghanistan like Kabul, Jalalabad and Ghazni. Singh, 

(1964) investigated CL in ten selected villages of Herat and observed 20 percent of 

the children had either scars or active CL lesions. Autochthonous active lesions and 

scars in 875 inhabitants by house to house and school surveys were also reported by 

Omar et al., (1969), 667 out of 875 persons lived in endemic foci of CL near the base 

of the mountains and 135 in other small areas of the Kabul city. Nadim and Roastami 

(1974) studied prevalene of CL at Khair-khana area located in Kabul where severe 

outbreaks of CL had occured in 1972. In this study a prevalence of active lesions was 

11.7 percent and that of scars was 4.6 percent. Nadim et al., (1979) investigated 

prevalence of CL in Panjsher, and Herat and observed 6.85 percent scar and 3.1 

percent active lesions in Panjsher, 26.4 percent scar and 4.8 percent active lesions in 

Kandahar and 45.3 percent scar lesions and 2% active lesion in Herat. As reviewed by 

Ashford in (1986), VL due to L. donovani was first reported for from Afghanistan by 

Singh et al. (1982). During a study by Hewitt et al. (1998) in Kabul the transmission 

of ACL was described to takes place in home. ZCL outbreaks in Mazar-e-Sharif 

province was first time reported by Faulde et al., (2006) and (2008). According to 

them the Kabul city is currently the largest CL focus in the world with an estimated 

67,600 cases and in year 2003 alone 16,400, CL patients were reported and treated in 

six hospitals and health clinics in and around the city (Reithinger and Coleman, 

2007). There are currently more than 2 million Afghan refugees residing in different 

parts of Pakistan and are suspected to be the possible carrier of bring CL infection to 

non endemic parts of Pakistan. 
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2.10.2.2. Vectors and reservoirs of CL in Afghanistan 

P. sergenti was firstly identified as sandfly vector of CL in Kabul city Omar et al., 

(1969). Later, Nadim and Rostami, (1974) identified R. opimus as principal natural 

wild animal reservoir of leishmaniasis. These rodents were found to be the most 

numerous in the pre-mountainous and small hilly regions on and also to the north of 

the Bactrian plane, where these gerbils were distributed in the sands and desert like 

areas. They were able to find natural infections in R. opimus in 22 different localities. 

Three dogs out of 7 examined had CL clinical signs. The finding of these clinically 

infected dogs suggested these animals could be possible reservoirs of infection. As 

concluded by them rodents did not seem to have any role as a reservoir of the CL in 

Kabul area and that the epidemics of CL in this area were of the urban type with 

involving man and probably dogs as possible reservoirs. Different species of 

Phlebotomus  such as P. papatasi, P. sergenti, P. mongolensis Sinton, P. keshishiani 

Shurenkova and P. alexandri and species of Sergentomyia that were S. dentata 

(Sinton), S. bailyi (Sinton), and S. pawlowskyi (Perfiliev) were collected in Kabul 

area. Common type of  endophilic species were P. papatasi and P. sergenti and 

occasionally P. caucasicus. P. sergenti was suggested as the possible vector. Nadim 

and Rostani (1979) also suggested P. sergenti as main possible reservoir but several 

other potential vectors also existed in that area (P. papatasi, P. caucasicus  and P. 

mongolensis) found in rodents and lizard burrows all of which are domestic sand flies 

Killick-Kendrick et al.,(1994) proved in their study the low susceptibility of P. 

papatasi to Afghan Leishmania tropica as P. papatasi was unable to support  

development of an isolate from a patient in Kabul city. Thus according to their 
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conclusion P. papatasi plays little or no role in ACL transmission in Kabul. In 

following year (Killick-Kendrick et al., 1995) successfully proved high susceptibility 

of L.tropica to P. sergenti which suggests role of P.sergenti in ACL transmission. 

2.10.3. Epidemiology of Leishmaniasis in Pakistan 

2.10.3.1 Visceral leishmaniasis in Pakistan  

VL is a sporadic disease found in Pakistan, and is confined mainly to the north-east 

region, with majority of cases reported from Azad Jammu and Kashmir and Gilgit-

Baltistan. The disease is observed in young children of 5-15 years of age, but adults 

with VL are also reported. Unfortunately it has remained one of the least studied 

tropical and subtropical diseases in Pakistan. The main research on this disease 

involved clinical diagnosis using traditional microscopy thus confirming some more 

cases from endemic areas. But there is no well-managed medical registration system 

for leishmaniasis that exists in Pakistan. Many clinical cases have been diagnosed 

alongwith clinical features discussed within the Pakistani medical community and 

published at national or international level but there is no information which shows 

identity of its reservoirs and vectors of both clinical forms, VL and CL in Pakistan.  

Hance (1924) before creation of Pakistan was the first person to report VL from the 

Indian subcontinent. Qutubuddin (1951) further uncovered Hance’s findings of 1924 

by reporting some cases of enlargement of spleen with fever and positive laboratory 

result of aldehyde reaction in the public hospital at Dera Ismail Khan, in which 

Leishmania in spleen punctures was diagnosed in two cases who were born near 

Kohat without any traveling history outside their province. Later on this report was 

later on further confirmed by Nasir in (1958). Ahmad et al., (1960) was the first to 
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report from Combined Military Hospital (CMH) Skardu hospital, Northern areas of 

Baltistan, 35 cases of VL (25 children of below 16 years and 10 were above 16 to 40 

years of age) between years 1957 and 1960. A large number of these cases were from 

the valley near Shyok river and village Kuru. Ahmad and Burney (1962) described 

existence of this disease from the valleys of rivers Shyok amd Indus north-east region 

of Baltistan in Northern areas of Pakistan. Burney et al., (1979) reported 46 cases of 

VL from Parkuta. Kuru, Keris, Gwadi, Thogu, Khaplu, Kunis, and Yugo villages. 

They described that kala-azar existed in these valleys of river Indus and Shyok since 

long time and older residents of the area added that the disease had come in waves 

and caused deaths in children. Cases of VL during 8th decade had occurred in the 

district of Chilas. However, in 1979, no active cases were recorded from this area. 

During 1983 and 1985, Saleem et al., (1986) studied at Rawalpindi hospitals, 14 

children of VL, from the Sub-Himalayan region of AJK and neighboring areas of 

present Khyber Pakhtunkhwa and Punjab Province.  Noor et al., (1986) studied the 

first case of VL in from Multan, Punjab Province. Rab et al. (1989) reported 22 cases 

of VL seen at National Institute of Health (NIH), Islamabad, 3 came from Gilgit, 15 

from different localities in Azad Jamu and Kashmir (AJK) and 4 from North West 

Frontier Province (N-W.F.P) and Punjab provinces. Mean age of these patients was 

4.5 years. Indirect immune-fluorescent antibody technique (IFAT) detected high level 

of antibodies in all cases. Leishmania amastigotes were isolated from BM aspirates of 

these patients and organism was successfully typed as Leishmania infantum. Hassan 

et al., (1995) reported a total of 38 cases of VL diagnosed in patients attending 

Rawalpindi Medical College and majority of them belong to AJK especially from 
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Poonch sector and areas near Muzaffarabad and 2 from Gilgit agency, 4 cases were 

from Murree, Rawalpindi, Abbottabad areas. Rab and Evans (1995) studied the 

previous record of 10 years and observed 239 cases of VL from hospitals of 

Islamabad, Rawalpindi, Muzaffarabad and Gilgit. They revealed that about 86 percent 

of all cases were under 5 years of age while 52 percent were of the age upto 2 years. 

Rahim et al. (1998) reported 10 VL infection in children between 2-10 years of age at 

District Head Quarter Hospital Timergara district Dir. Nagi and Nasimullah (1993) 

had studied 20 patients (1 to 9 years old) brought to Sandeman Provincial Hospital 

Quetta, Balochistan province, presenting characteristic signs of VL. Those patients 

were given Glucantime at the rate of 40-60 mg/kg/day injections daily for up to 4 

weeks. Eight patients among them  were cured, while three died during the treatment. 

Nawab et al., (1996) and (1997) studied 20 cases of splenomegaly reffered to Dr. 

Ehsanullah’s laboratory, Karachi, four of them were clinically diagnosed with VL. 

From the central part of Sindh and Punjab Provinces no autochthonous case of VL 

has yet been reported. The proved causative organism of VL in the Himalyan region 

of Pakistan, is Leishmania infantum isolated from 15 patients, 11 from BM, 3 from 

normal skin and 1 from spleen (Rab et al., 1989; Rab and Evans, 1995).  

2.10.3.2 Vector species of VL in Pakistan and role of dogs as reservoir hosts 

 At present the sandfly vector of the disease in Pakistan has not been proved by 

detection of naturally leishmanial infected-sand flies. L. donovani, the causative 

organism of classical kala-azar in India has not been found in Pakistan (Dinesh et al., 

2000; Bhunia et al., 2010). The species of the subgenus P. kandelakii burneyi, P. 

major, P. keshishiani and P. kandelakii were found. These are proven vectors of L. 
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infantum in other parts of the world, and all of these can be  suspected vectors in 

Pakistan although not yet proved (Kakarsulemankhel, 2006). P. hindustanicus  may 

be a probable vector in AJK where female sandfly infected with L. infantum has been 

reported. Leishmania isolates from VL patients in AJK have been genetically typed as 

L. infantum (Rab et al., 1989 and 1992). One report about isolation of L. infantum 

amastigotes from skin of children with VL raises the possibility that the disease in 

some parts of the country may be anthroponotic VL (AVL) caused by L. infantum 

(Rab and Evans, 1995). 

Rab et al. (1995) studied the role of domestic pet and stray dogs in the epidemiology 

of VL in Chilas, Bagh, Poonch and Muzaffarabad and it was found that out of 244 

dogs serologically examined, about 44 percent were found positive for anti-

Leishmania antibodies. These dogs also showed clinical signs of hepato-

splenomegaly and cutaneous ulcerations. About 10 percent of infected dogs did not 

show any clinical symptoms. Isoenzyme characterization of the samples isolated from 

these dogs proved causative agent to be L.infantum. 

2.10.3.3 Cutaneous leishmaniasis in Pakistan 

Balochistan Province: CL is found in all the provinces of Pakistan. Khan and 

Rafique (1980) conducted an initial survey for CL in October 1979 and observed that 

CL was a rare disease in Quetta, the capital of Balochistan province. An overall 

prevalence of 4.9 percent was recorded in Sibi District Hospital. CL was found 

endemic in Dera Bugti, Kohlu, Lehri, Sangsela, Gumbz and Mewand. Jan, (1984) 

reported 100 patients of CL, 45 of them were Afghan refugees, 20 belonging to 

Lasbella, 12 to Kohlu, 15 to Duki and 8 to Lehri. Overall 75 percent of these cases 
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were children below 15 years of age. Males were more affected than females. 

Majority of these patients had more than one active lesion. Rab et al. (1986) 

examined a total of 418 school children (5 -15 years of age) in Lasbella and Uthal, 

Balochistan. Five of these patients had active CL lesions and 112 had  CL scars 

resulting from past infection. Ahmad (1988) described CL cases from southern part of  

Balochistan and its relation with zoonosis. Iqbal (1998) reported CL cases in 50 Army 

soldiers during a survey in 1995-1996 by a joint investigation team of Army Medical 

College and Defense Science and Technology Organization (DSTO) of Balochistan 

Province. Kakarsulemankhel (2002) confirmed two types of CL that are ZCL and 

ACL prevalent in Balochistan. Kakarsulemankhel (2004a), while performing 

prevalence survey of CL in Balochistan, in 1996-2001, reported 31 new foci and 

confirmed incidence of CL in 8 previously reported old foci of CL. Out of 15847 

recorded cases, 50.5 percent individuals were found with active CL lesions while 47.5 

percent were observed with scars. Furthermore, prevalence was more in children 

(45.6%) of the age group (5–10 years). Imran et al., (2008) studied incidence of CL 

cases among army troops and their families residing in Sibi. 96.6 percent of 293 

patients were male patients and only 3.4% were females. Number of CL lesions in 

these patients ranged from 1-4. Majority of lesions was wet type.  

Khyber Pakhtunkhwa province: Most of the studies performed from KPK are 

either prevalence studies or case reports by medical community. Rowland et al., 

(1999) studied ACL cases in an Afghan refugee scamp at Timargara, in Dir, NWFP 

and suggested that CL caused by Leishmania tropica appears to be an emerging 

disease in this part of KPK. ACL is mostly endemic in tribal zone at Pak-Afghan 
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border, because of movement of people across the border, infection is transmitted 

from both sides specially from Afghanistan which is the most endemic country in the 

world. The prevalence of CL in Waziristan agency was studied by Hamid and Ali, 

(2002), where they observed a total of 57 cases of CL out of 1370 individuals 

investigated. Male to female infection ratio was recorded as 3:1. Rahim et al., (2003) 

reported an CL outbreak in one village of district Dir. Rahman et al., (2003) in the 

same year 2003 recorded 58 ACL patient civilian employees and army personels 

deployed in Kohat. Active lesions were about 1-3 cm in diameter and most of 

infected people had multiple lesions and average duration was 5-7 months. 

Epidemiology of ACL in Aghan and local population of tribal areas of Pakistan 

border areas with Afghanistan was investigated by Brooker et al., 2004, Kolaczinski 

et al., (2004), in which prevalence of active lesions and scars of ACL amongst the 

population was found to be 2.7 percent and 2.4 percent. In a similar study in 2004 

conducted in afghan refugees camps and Pakistani population in some neighbor 

villages, prevalence of ACL active lesions was 1.7 percent in local Pakistani 

population. It was observed that risk of getting ACL was associated mostly with age 

but not with gender. In year 2005 frequency of CL in patients attending the hospitals 

of Peshawar during January, 2002- May, 2002 and reported 167 male individuals, 16 

were laboratory confirmed cases of CL and 6 out of 139 female were confirmed for 

CL.  

Punjab Province: The disease has also been reported from Punjab province although 

published data is less frequently available than from other provinces. A total of 2500 

cases of CL were studied by Malik et al., (1973) who reported in the Nashtar 
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Hospital, Multan and tissue scrapping methods with giemsa staining demonstrated 

LD bodies. Mujtaba and Khalid (1998) described the nature of 305 suspected cases of 

CL registered at Nishtar Medical College Multan during year 1995-1997. They 

observed that all the patients had only dry type of lesions. So L. tropica was 

suspected although not laboratory confirmed in the region. Later, other suspected 

cases of CL from Multan are reported by Ayub et al., (2001). Ayub et al., (2003) 

reported 173 cases of CL with many confirmed cases of CL presented to 

Dermatology department of Nishtar Medical Hospital between December 1999 to 

March 2000. All the infected patients were residents of inner old city with about 86 

percent of the infected patients were children or young adults (11-20 years age groups 

with range 6-35 years). Males (77 percent) had more lesions than females.  

Sindh Province: From Sindh province a lot of research work has been done on 

prevalence and molecular studies as compared to other provinces. Nawab et al., 

(1997) reported 90 out of 120 confirmed cases of suspected patients referred to Dr. 

Ehsanullah’s Laboratory Karachi for lab diagnosis. The first reported cases of CL 

from a village Sono Khan Chandio of mountainous belt of Larkana district, Sindh 

province was from Pathan and Soomro (2001). 115 out of 130 patients were 

confirmed for having CL by microscopy. The cases of CL were reported from many 

districts of Sindh province such as Larkana, Jacobabad, Qambar Ali Khan, Shahdad 

Kot, Dadu Miro Khan, Warah. Bhutto et al., (2001). Soomro et al., (2002) described 

case records of 478 suspected CL patients reporting to Chandka Medical College 

Hospital, Larkana during 2001 and the disease was confirmed in 68 percent of 

children as compared to adults. About 77 percent of the lesions are open infected 
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ulcers followed by other types of clinical presentations like nodular plaques and 

papules. In another study conducted in 2003 by Bhutto et al., (2003), who detected 

new endemic foci of CL in Sindh province. Soomro et al., (2004) reported an 

outbreak of 200 cases of CL at a small village Ghaibi Dero of Larkana district, Sindh. 

According to findings the outbreak was proposed to be the immigration of people to 

this village from endemic areas of Balochistan and also to the adjoining parts of upper 

Sindh province (Bhutto et al., 2004). Kolachi et al., (2005) studied 236 cases in 

Taluka Juhi, district Dadu and was concluded that the sudden upsurge in number of 

CL cases was of the fact that disease was brought to Juhi from Balochistan Province 

and Afghanistan as this district share borders with Talaku where large numer of 

people are either Afghan refugees or migrants from Balochistan. Bhutto et al., (2008) 

studied clinical presentation of 1640 CL suspected patients referred to Chandka 

Medical College, the lesions were of different nature like dry ulcerative, wet 

ulcerative, and crusted lesions. The prevalence of CL in Pakistan is usually 

underestimated  mainly because of lack of case reporting system and misdiagnosis. 

The cases occured sporadically throughout the year but form the last few years the 

geographical boundries of disease have extended. The disease that was thought to be 

only endemic in Balochistan has become considerably prevalent in other provinces of 

Pakistan like Sindh and Khyber Pakhtunkhwa and some parts of Punjab.  

2.10.3.4 Vector and Leishmania species responsible for CL in Pakistan 

Phlebotomus kazeruni at Sono Khan District (Sindh Province) was found naturally 

infected by Trypanosoma species (Kato et al., 2010) and this is the first report of 

sandfly infected Trypanosoma species from Pakistan. The vectors of CL have not 
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been yet confirmed in Pakistan but keeping in view the knowledge of sandfly fauna of 

neighbouring countries specially Afghanistan it can be assumed that P. sergenti is the 

possible vector of anthroponotic CL in Khyber Pakhtunkhwa and P. papatasi or P. 

salehi are proposed responsible vectors of zoonotic CL (Killick- Kendick et al., 

1995). Rowland et al., (1999) caught some sandflies from the endemic villages of Dir 

and suggested that P. sergenti could be vectors of CL in the most parts of Pakistan. In 

Afghanistan, Killick- Kendrick et al., (1995) and Rowland et al., (1999) after their 

work on phlebotomus confirmed P. sergenti as vector responsible for the 

transmission of L. tropica. In  Iran, P. papatasi has been confirmed as vector species 

of L. major  causing ZCL  (Parvizi et al., 2005 and 2006). P. alexandri is vector 

rodents found in rural areas of Iran (Yaghoobi Ershadi et al.,1995), this specie is also 

found in Pakistan. P. sergenti, a known vector of L. tropica in Khyber Pakhtunkhwa 

Rowland et al., (1999) has been recently collected from some endemic foci of CL in 

Dera Ghazi Khan, Punjab Province  by Kakarsulemankhel (2008) which makes the 

case strong in favor of the above described three species as possible vector of 

leishmaniasis in Pakistan.  
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Fig 2.1 Distribution of anthroponotic cutaneous leishmaniasis (red circles/triangles), 

zoonotic cutaneous leishmaniasis (blue circles/triangles) and visceral leishmaniasis 

(yellow circles/triangles) in Pakistan and neighboring countries. Arrow indicates 

movement of cutaneous leishmaniasis infected people of hyperendemic areas of 

Afghanistan and Khyber Pakhtunkhwa to the settled areas. 
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2.10.4.5 Rodents as reservoir hosts of CL 

Until now little or no data is available about confirmed animal reservoir of CL in 

Pakistan. A survey was conducted by Burney et al., (1979) on reservoir animals in 

VL endemic areas of Northern Pakistan. But none of trapped mammals were found 

infected with Leishmania. Burney et al., (1981) conducted another study and captured 

rodents from the houses of kala-azar patients but did not find any LD bodies. In 

Pakistan, ACL is also presumed to be anthroponotic with no animal reservoir. In a 

later study conducted in 1986 by Burney and Lari, it was suggested that rodents could 

be the main reservoir of CL. In Balochistan province, amastigotes have been 

microscopically observed in the skin of gerbil (Tatera indica and Meriones spp.) (Rab 

et al., 1986; Kakarsulemankhel, 2004a). In our neighbouring country Iran, the great 

gerbil (Rhombomys opimus) and Meriones libycus  are proved to be the main 

reservoir animal hosts of ZCL (Yaghoobi Ershadi et al., 1996). 

2.10.4.6 Proved Leishmania species in Pakistan 

Rab et al., (1997) isolated and typed L.tropica from the cutaneous lesions of 13 

patients and concluded that ACL is caused by L. tropica in Pakistan. Rowland et al. 

cultured andtyped L.tropica on molecular basis from Afghan refugees camps in Dir 

district Khyber Pakhtunkhwa. Marco et al., (2006) genetically typed two Leishmania 

species L. tropica and L. major from different altitudes of Pakistan, the former from 

highlands like Quetta city and the later from lowlands like Sibi, both parts of 

Balochistan Province. Rab et al., (1995) also typed L. infantum from the VL patients 

belonging to some Northern areas of Pakistan. But unfortunately there is no species 

identification done from the Southern districts studied in the present project. 
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MATERIALS AND METHODS 

 The observational study, data collection and samples collection was conducted 

from March 2010 to February 2011 in three selected southern districts of Khyber 

Pakhtunkhwa namely Kohat, Karak and Hangu. The samples were analyzed by 

microscopy, culture and kDNA PCR initially at Department of Zoology and 

Department of Microbiology Kohat University of Science and Technology, while the 

detailed culture and molecular analysis (different primer based PCR, RFLP, and 

Sequencing) was performed at ANSES laboratory, Maisons-Alfort, France.  

3.1 Epidemiology of CL in Selected Districts 

3.1.1 Description of study area 

The study was conducted in three districts including Kohat, Karak and Hangu located 

in the South of Peshawar, the capital of Khyber Pakhtunkhwa, Pakistan. 

3.1.1.1 Kohat 

 Kohat is the first southern district located about 56 kms from the capital Peshawar. It 

is located at 33°35'13N ,71°26'29E with an altitude of about 489 metres (1607 feet) 

above sea level and the total area is 2973 Km2. According to data from the Pakistan's 

last census conducted in 1998, the district's population was around 562,640 

individuals  with an annual growth rate of 3.26%. Thus the present projected 

population is around 7,82070  with about 80% of population is rural.The topography 

of the district is well dominated by the series of small mountains and hills. It is 

regarded as the oldest cantonment of Pakistan and also the one of the oldest districts 

of Sub-continent. It consists chiefly of series of a bare and complex mountain region 
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lying in  east of the Indus, deeply distributed with small river valleys and ravines but 

enclosing a few spotted patches of cultivated lowlands. Important historical places 

include Darra Adam khel, Khushal Garh, main Kohat city, Lachi, Shakardarra, 

Gumbat and Tanda Dam.This district share boundaries with some FATA areas like 

Aurakazai Agency ans settled districts like Hangu, Karak, Nowshera of Khyber 

Pakhtunkhwa and district Attock of Punjab. The climate of Kohat disictt is usually 

dry with extreme hot in summer (around 40 C) and extreme cold and dry winters 

(about 4 C). The average annual rainfall is about 400 mm. The major source of 

irrigation for cultivated lands are from Tanda Dam and Kandar dam and some other 

small natural reservoirs like springs and wells. Cutaneous leishmaniasis is frequently 

reported from many parts of Kohat district. Although, no leishmaniasis case recording 

system is practiced in public and private hospitals and health units of the district. 

Kohat districts hosted more than 2 millions IDPs in 2010 who migrated from military 

operated areas of tribal belt.  

3.1.1.2 Karak  

Karak district is located at the altitide of around 33.12 N, 71.0947 L and about 582 

meters above the sea level, located in the south of Kohat district and in the north side 

of Bannu and Lakki Marwat districts on the main Indus highway between Peshawar 

and Karachi. It is located at the distance of about 123 km from the provincial capital 

of Khber Pakhtunkhwa, Peshawar. The district has a total projected population of 

about 536,000, of consisting of males population 281,244 while female are 254,756 in 

number. The population is mainly rural (around 86%) and the annual growth rate is 

4.25%. The literacy rate is highest in Khyber Pakhtunkhwa province that is 81.07% in 
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rural areas 94.84% in urban areas. The weather is hot  during the summer temperature 

(about 35-42 C). Health facilities are limited and the serious patients or emergency 

cases are referred to District Hospital Kohat, Bannu or Peshawar. Cutaneous 

leishmaniasis cases are commonly seen in different parts of districts although there is 

no proper case record system to tell the exact magnitude of disease in this area. CL 

patients are often referred to private dermatologists in Kohat, Peshawar or Bannu 

district for treatment. 

3.1.1.3 Hangu 

Hangu is located at the altitude of 33.5286 N and 71.5167 L and 1006 meters (3303 

feet) above the sea level, geographic area of 1097 Km2. The latest population figures 

according to latest 1998 census is 31,4529 population comprising of male female 

ratio of 51:49. Hangu consists of 2 Tehsils and 19 union councils.  It shares 

boundaries with Kohat district in the East, with Orakzai Agency in the North, with 

Kurram agency in the West and with Karak district in the South. The limits of district 

extends from Khawaja Khizer (Jozara) to Tootkhas (Tull) covering a distance of 98 

Km. The valley lies between series of two branches of Koh-e-Sufaid (Samana 

mountains). District Hangu has suffered from huge human life and economic losses 

due to prevailing militancy, army operation and there is continuous unrest in this area 

due to Sectarian violence (Shiite-Sunni conflict) since 1998 as a result of which socio 

economic conditions of Hangu are badly affected and major portion of infrastructure 

including many hospitals and schools has been damaged. The estimated losses owned 

by Health department alone are amounts to Rs.57 million. CL is also widespread in 
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Hangu because of continuous influx of IDPs from Orakzai agency and Kurram 

agency.  

3.1.2 Research work plan 

The study was conducted as given in the figure 3.2. Briefly, the observational study 

was done by collection of epidemiological data consisting of different details of host 

and environmental factors. The lab work was done on samples collected from the CL 

suspected patients from different endemic villages of studied districts. Microscopy, 

culture and different primer based PCRs were performed to compare sensitivity and 

specificity of these diagnostic assays. RFLP and sequencing was performed for 

species identification. Lastly, serum protein profile was established using SDS-

PAGE. 
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Fig 3.1 Geographical representation of studied districts represented by enlarged red 

circles (www.khybermaps.org) 
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Fig 3.2 Schematic representation of the research work plan 
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3.1.3 Collection of epidemiological data 

For the house-to-house survey sample size was determined after the formation of 

clusters. The sample size of each cluster was determined by assuming that in each 

clusters the prevalence of cutaneous leishmaniasis is the same (2.5 percent) with the 

marginal error of 2 percent and 95 percent confidence interval. The following single 

population proportion formula was applied to obtain the actual sample size with 10 

percent contingency: 

n = (Z alpha 1/2) ²(p.q)                        (Equation 1) 
                 d² 
 

(Where d is Level of marginal error (2 percent), Z represents confidence interval (95 

percent), and  P = prevalence of CL (2.5 percent), q = 1-p) 

 
n = (1.97) ² (0.025) (0.96) + 0.15n      (Equation 2) 
             (0.03) ² 
 

The sample size of the present study was calculated assuming that 95 percent of the 

prevailing leishmania species in the selected study districts belong to L. tropica with 

5 percent marginal error and 95 percent level of confidence interval 

3.1.3.1 Criteria for inclusion and exclusion 

For the conduction of house-to-house CL prevalence study, all individuals of a 

selected endemic village were eligible. However, for clinical sample collection only 

those individuals with suspected cutaneous leishmaniasis active lesions were 

considered while patients with other type of ulcerative lesions and skin related 

diseases like skin TB, fungal infections, abscesses, wounds and scabies were 

excluded from the present study and sample collection based on clinical criteria. 

Samples were taken only from CL suspected patients who gave informed consent. 
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Majority of tissue aspirate samples were collected from patients over five years of 

age.  

3.1.4 Observational study and Questionnaire 

A pretested questionnaire was designed to collect the data and detailed information 

during the visit to the endemic villages of selected districts.  Data of each consenting 

suspected study patient was collected in a questionnaire filled directly from the 

patients. This questionnaire included questions about epidemiological, demographic, 

and clinical diagnostic information. In addition, some other type of questions related 

to basic information about occupation, education status, travel history to endemic 

area, previous treatment of leishmaniasis if done etc were obtained. The questionnaire 

is attached in the annexure. 

Prevalence rate 

The prevalence rate of CL among the human population of three study districts was  

determined as per the formula described by Threshold et al. (1997). 

                 No. of infected individuals at particular point 
Percent prevalence =              x100 
               Total No. of  individuals present at that particular point 

This formula was also used to determine the district wise, age wise, sex wise and 

seasonal prevalence of disease was also determined. 

Meteorological Data   

The monthly meteorological data of Kohat, Karak and Hangu districts, regarding 

average temperature, relative humidity, and rainfall was collected from the local 

meteorological stations during the study period.  
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3.1.5 Collection of samples from CL patients 

Tissue samples were collected from CL suspected patients and also from suspected 

Leishmania infected patients visiting different private and public sector hospitals and 

clinics of selected districts. Three different types of samples were collected from the 

patients. Tissue smears were collected by making a small incision on the periphery of 

the lesion with the help of sterilized lancet or blade. The small drop of blood was 

smeared on a clean glass slide and immediately fixed in the ethanol till further use. 

Tissue aspirates were collected from some patients with the help of sterilized 1 cc 

insulin syringe containing sterilized 0.9 percent normal saline. Tissue smear samples 

were also obtained in Watman filter paper. The blood from the infected tissue was 

smeared on filter paper and air-dried. These filter papers were wrapped in the 

aluminium foil and are kept at 4 oC till further use. 

3.2 Giemsa staining and microscopy 
 
3.2.1 Preparation of Giemsa Stain 

Stock solution was prepared as follows: 

1. 3.8 g of Giemsa powder was dissolved in 250 ml of methanol  

2. The solution was heated un waterbath or oven at ~60 oC  

3. 250 ml of glycerin was slowly added to the solution. (Bari et al., 2007) 

Working solution was prepared by filtering stock solution and adding 10 ml of this 

stock solution to 80 ml of distilled water or PBS, and shake well before use. 
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3.2.2 Procedure for Staining 

Small quantity of tissue was obtained by skin scrapings and were smeared on clean 

degreased glass slides, air dried and fixed with ethanol or methanol for a few seconds 

and air dried again. Giemsa stain was filtered with Whatmans filter paper and diluted 

as described above. After 15-20 minutes of staining, the slides were slowly washed 

with tap water and dried in air. These giemsa stained smears were examined under the 

compound microscope with a 40 X lens (400X) and with a 100 X (1000X) oil 

immersion lens.  Smears were declared positive if at least one or two intracellular or 

extracellular amastigotes were found. When no amastigotes were observed after 5-10 

minutes of microscopy, the result was declared negative. Most of the CL patient 

giemsa smears were double checked to exclude the chances of error. All of clinical 

samples except some collected during visits to the endemic areas of all the three 

districts were stained and examined. Some of the old giemsa stained slides are also 

obtained from private labs and from the labs of public hospitals of these districts as 

well as from other parts of Khyber Pakhtunkhwa. 

3.3 Leishmania culture from patients 

3.3.1 Preparation of NNN media and culture 

Novy-MacNeal-Nicolle medium (NNN) medium with Locke’s overlay was 

frequently used in this study for the initial  cultivation of leishmania  clinical samples. 

The medium contained 10 percent of defibrinated rabbit or sheep blood containing 

200 µl gentamicin was prepared according to standard protocol (Singh et al., 2006). 

Nutrient Agar (Oxoid) 9.2 gm, D-glucose (anhydrous) 0.6 gm , Sodium chloride 

(Sigma)  2.5 gm were mixed well and dissolved in 400 ml of distilled water by 
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heating until a clear solution was obtained. The solution was then autoclaved at 121 

oC at 15 p.s.i for 20-30 minutes. Sheep or rabbit blood was aseptically collected in a 

flask containing sterilized glass beads defibrinated by shaking. The defibrinated blood 

was kept at 37 oC water bath for 1hr for heat inactivation and then kept at 56 oC water 

bath for 30 minutes to inactivate the complement. The 400 ml autoclaved ingredients 

and the 100ml defibrinated blood were mixed at 50 
oC. The media was then stored at 

4 
oC until used (Nimri et al., 2002). 

 Locke’ s overlay solution was prepared by mixing 4.5 gm Sodium Chloride, 0.2 gm 

Potassium Chloride, 0.1 gm Calcium Chloride, 0.1 gm Sodium Bicarbonate, and 1.25 

gm D-glucose (anhydrous) and dissolved by heating in 500 ml of distilled water, and 

was then autoclaved at 121 
oC at 15-20 lb pressure for 20- 30 minutes. Antibiotics, 

Penicillin- streptomycin (100 IU/ml-120µg/ml)  and  amino acid L-Glutamine (0.30 

mg/ml) were added to the autoclaved Locke s solution and sterilized using syringe 

filter of 0.2 µm pore size diameter and stored ready for use at 4 
oC  as discussed 

previously by (Rab et al., 1997) In a biosafety cabinet 2 ml of heated NNN media was 

poured into small sterile culture glass tubes and kept in slant position until the agar 

was solidified. One ml of Locks overlay solution was aseptically added to these tubes 

containing slants.  These tubes were stored at 4 oC until further use. Before 

inoculation of aspirate from clinical patients, the tubes were brought to room 

temperature and tissue aspirates from the incisions during the sampling procedure 

were cultured in these tubes in duplicate. To ensure maximum aseptic conditions a 

Bunsen burner was frequently used during inoculation process. In an insulin syringe 

of 1 cc, about 0.5 ml of sterile 0.9 percent normal saline was injected into the 
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incisions, aspirated and then discharged into culture tubes kept close to the Bunsen 

burner. The culture tubes were carried to Department of Zoology and Microbiology 

labs in an insulated container (cooler) containing ice and immediately incubated at 

24-26°C. After 3-4 weeks of incubation, one drop of media was aseptically taken on 

clean glass slide and examined under the microscope. Positive cultures containing 

promastigotes were transferred to RPMI 1640 medium (Gibco, Germany) mass 

culturing in which 10 percent fetal calf serum and 250 µg/ml Streptomycin, and 200 

IU/ml Penicillin were added. Negative cultures were examined regularly every week 

before being declared negative and discarded after 3rd week. 

3.4 Sand fly collection 

For studying sandflies, reference points were set from houses of CL infected patients 

in study areas. The suspected resting sites and trapping sites of sandflies, were within 

a 1.5 km radius from the reference houses. Sandflies were collected by directly 

aspiration from their resting sites using a self designed mouth suction apparatus, and 

also collected by sticky papers (castor oil used) and some CDC light traps (Model 

512, John Hock and Co., USA) set outside and inside of houses in endemic villages. 

The CDC traps were just before sunset and left overnight till dawn. The CDC traps 

were hanging at about 0.5-1 meter above the ground level. Throughout the study 

period, 2 traps per site per week were installed in suspected outdoor and indoor of 

houses of CL patients. Sandfly surveillance was conducted during different months. 

The captured sandflies was analyzed soon after their collection. These sandflies to be 

identified after being killed by chilling them in freezer for short time and stored in 70-



Chapter 3                                                                                   Materials and Methods 

 56

80 percent ethanol till further use for Leishmania testing by PCR (Parvizi et al., 

2005). 

3.5 Rodents/Animal Reservoirs collection 

The search for animal reservoir hosts targeted small rodents like Rattus ratus. These 

rodents were captured by locally made steel traps baited with bread, peanut butter, 

vegetables and fruits placed in the fields, bushes and rock holes and crevices. The 

trapped rodents were humanely euthanized and inspected for any gross lesions of CL 

on skin and different body parts. These rodents were than dissected and organs like 

spleen, liver and skin are taken in labeled falcon tubes and kept at – 20 oC till further 

use for molecular identification of leishmania using PCR (Kakarsulemankhel, 2002). 

3.6 Blood collection from domestic animals and dogs 

Blood (5 ml) was collected from the jugular veins of domestic animals like sheep, 

goats, cows, buffaloes and donkeys and dogs (Rab et al., 1995) in the endemic and 

non endemic villages. The blood was mixed with EDTA to prevent clotting and 

transported to laboratory in the cold chain. The blood from each animal was 

centrifuged at 1500 rpm / 15 minutes. The plasma was removed and buffy coat was 

carefully taken with the help of sterilized pipettes and transferred to labeled 

eppendorf. These eppendorfs containing buffycoats were kept at –20 oC till further 

use for DNA extraction. The use of wild and domestic animals in the present study 

was done according to International guidelines for care and use of animals reviewed 

by Ethical committee of KUST, Kohat and finally approved by HEC, Pakistan. 
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3.7 Molecular Diagnosis  

3.7.1 DNA extraction procedures 

DNA was mainly isolated by two methods  

1) Ethanol chloroform extraction method (conventional method) 

2) Using commercial DNA extraction kits (Marchery-Nagel, Germany)  

3.7.1.1 Ethanol-Chloroform Extraction 

3.7.1.1.1 DNA extraction from culture 

For DNA extraction, cultured promastigotes from the 4th day culture was taken. The 

cultured cells were first centrifuged for 15 minutes at 3000 rpm and washed thrice 

with phosphate-buffered saline (PBS), pH 7.2 (8.0 g of NaCl, 0.25 g of KCl, 1.43 g of 

Na2HPO4, and 0.25 g of KH2PO4 in 800 ml of sterilized distilled water). DNA 

extraction was performed as previously described by Schönian et al. (1996). The 

pellet of centrifuged cultured cells was mixed with 1 ml of NET lysis buffer (50 mM 

of NaCl, 10 mM of EDTA, 50 mM of Tris-HCl having pH 7.2). Sodium dodecyl 

sulphate, (SDS) (Merck, Germany) prepared and was added in a final concentration 

of 0.5 percent and the mix was then shaken until the solution become viscous. 

RNAase solution (Promega) was added in a concentration of 100µg/ml and the 

resulting mixture was then incubated in a water bath for at 37 oC.  Proteinase K 

(Roche, Germany) was added (25microliter to a final concentration of 100µg/ml and 

the samples were incubated at 56 
oC in a water bath for 1-3 hours for culture or 

overnight if other tissue from liver, spleen and skin were used for DNA extraction. 

The samples were then subjected to classical phenol-chloroform extraction with 
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subsequent precipitation using ethanol. The final DNA pellet was dried and dissolved 

in100-150 µl TE buffer (3ml of 1 M Tris-Cl and 500µl of 0.5 M EDTA in 1.0 liter 

adjusted for pH7.4 and sterilized by autoclaving). Spectrophotometer (UK) (OD 260 

and OD 280) using UV/ was used to measure final DNA concentration. DNA samples 

stored at - 20°C until use. DNA Dilutions of 15ng/µl were prepared as working 

solutions for PCR. 

3.7.1.1.2 DNA extraction from clinical samples 

DNA was isolated from the clinical samples as described previously by Meredith et 

al., (1993) and later by El Tai et al., (2000). Filter papers containing tissue smears 

were cut out with a sterile paper puncher or with scalpel. The puncture or scalpel was 

cleaned with 70 percent ethanol Between each sample, to prevent carry-over of DNA 

contamination. These cut parts of sample filter papers were placed into 250 µl lysis 

buffer (50mM Tris- HCl, 50mM NaCl,10mM EDTA having pH 7.2; 1 percent 

{vol/vol} 200µg of Proteinase K per ml (25microliter and Triton X-100) and were 

incubated in a water bath for 1-3 hours or overnight at 56°C. The resulting mixture 

was then proceeded with phenol-chloroform extraction. The mixture was added with 

an equal volume of buffered phenol mixed by gently shaking for 2-3 minutes and 

centrifuged at 12000 rpm (maximum speed) for 5 minutes. In a new 1.5 ml Eppendorf 

tube, the upper aqueous phase was transferred, followed by addition of an equal 

volume of phenol: chloroform: isoamyl alcohol in ration of (25:24:1), shaken gently 

for 2 minutes and centrifuged again as mentioned above. The upper aqueous phase 

was taken and transferred to a new 1.5 ml Eppendorf tube and an equal volume of 

chloroform isoamyl alcohol having ratio (24:1) was added and proceeded as 
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described above (shaking and centrifugation). Precipitation of the upper aqueous 

phase was done by mixing with 1-10th  volume of 3.0 M Na acetate and 2.0 volumes 

of 100% ethanol. The eppendorf tubes were then left in a freezer at – 20°C overnight. 

Finally, centrifugation was done for 20-30 minutes at 12000 rpm. DNA pellets 

obtained were washed twice with 70% ethanol and centrifuged for 20 min at 12000 

rpm. The invisible DNA pellet was air until 70% ethanol was completely evaporated. 

The pellets were then suspended in 100 µl TE buffer (10mM Tris, 1.0 mM EDTA pH 

7.6). The purified DNA was stored in a freezer at -20°C until further use.  

3.7.1.1.3 DNA extraction from old giemsa stained slides 

In the case of stained and unstained smears, 100 µl of lysis buffer from the 250µl in 

the Eppendorf was spread on the surface of the slide and with the microtiter pipette 

tip the material was scratched and swept into the tube. The extraction procedure was 

completed as described above for filter papers. 

3.7.1.2 DNA extraction KIT Protocol 

For some clinical samples including tissue smears on slides, filter papers, tissue 

aspirates, old giemsa stained slides from CL patients and liver, spleen and skin 

samples from rodents, buffy coat of domestic animals and dogs, commercial DNA 

extraction kit Nucleospin II (Macherey-Nagel, Germany) was used. The DNA was 

successfully extracted using the following general protocol recommended by the 

manufacturer with little modifications for each type of sample used. 

About 25 mg grinded tissue sample or biopsy sample or smeared filter papers was 

placed in 1.5 ml microcentrifuge tubes. 180 µl buffer T1 and 25 µl Proteinase K 

Solution was added to sample vortexed well to mix for few seconds and  incubated at 
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56 0C in water bath for 1-3hrs (Tissue samples like liver, spleen or skin from rodents 

were left overnight in solution to achieve maximum digestion by Proteinase K. The 

solution was vortexed and 200 µl of Buffer B3 was added to solution and vortexed 

again vigorously and incubated at 70 oC for 10 min. 210 µl of 96-100% ethanol was 

added to the sample and vortexed vigorously. The solution was then transferred to 

Nucleospin tissue coloumn placed in a collection tube and centrifuged at 11000 x g 

for 1 min. The flow was discarded and the coloumn was again placed back in the 

collection tube. 500 µl buffer BW was added in the coloumn and centrifuged for 

11,000 x g for 1 min and proceeded as described above. Again add 600 µl Buffer B5 

and recentrifuge as above. The flow was discarded and column was placed back in 

collection tube. To dry the silica membrane the coloumn was centrifuged again as 

previously. Lastly, 100 µl of prewarmed  Buffer BE (70 oC) was added to coloumn, 

incubated for 1 min at room temperature and centrifuged at 11000 g for 1 min. The 

eluted DNA was kept at – 20 oC till further use.  

(In all DNA extraction procedures positive and negative controls were frequently use 

to avoid chances of contamination). The isolated DNA using each method of DNA 

extraction was analyzed by agarose gel electrophoresis. 

3.7.4 Polymerase chain reaction (PCR)     

To amplify DNA following different sets of primers, PCR master mix (Promega, 2X), 

AmpliTaq DNA polymerase ,5 Units / µl., dream taq polymerase (Fermentas), 10X 

PCR buffer (100 mM Tris, pH 8.3, 400 mM KCl and 25 mM MgCl2) 

Deoxynucleotide triphosphates (dNTPs mix 2.5 mM), Magnesium chloride (MgCl2): 

25mM.,  Deionized water or double distilled water or Millipore water. 
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dNTPs were used in two forms dNTPs ready to use mix 2.5mM and dNTP set, from 

the stock 100mM dNTP, 2.5 mM strength dNTP was required for PCR reaction. Thus 

90 µl deionized water was added to each of vials of dNTP to make net volume of 

100µl, for each reaction. Different sets of primers were used in the study as described 

in the table 3.2. All the primers were used having initial concentration of 100 

picomoles/ml or 100 micromolar and final PCR concentration of 0.5 pmol/µl or 0.5 

mole/liter or 0.5 µmolar. Aliquots were made from all the primers, labeled and were 

kept frozen at -80 ºC till further use. 

PCR protocol was followed as described by Marco et al., (2006) with some 

modifications. DNA isolated from clinical samples, culture or tissue samples were 

subjected to PCR using different primers like kDNA primers Rv1/Rv2, ribosomal 

primers R331/R332 and ITS 1 primers LitSR/L5.8S (Table 3.1). For PCR analysis 25 

µl volume reaction mixture was used for each sample containing 2.5 µl of 10X PCR 

buffer, 2 µl of MgCl2, 2 µl of 2.5 mM dNTPs, 0.4 µl of AmpliTaq DNA polymerase, 

2.5 µl of forward primer, 2.5 µl of reverse primer, 3-5 µl of DNA sample and 10.6 µl 

of DNAse free water were used for each reaction. This PCR reaction mixture was 

transferred to PCR tubes and kept in thermocycler (Master cycler Eppendorf, 

Germany / Biorad, Germany). The cyclic parameters were changed according to 

primers used (Fig 3.3). The amplified DNA products were analyzed by agarose gel (2 

percent) electrophoresis. 
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Table 3.1 Details of different primers used in the present study 

Primer F/R Target Primer Sequences Length 
Product 

size 

 
Rv1 
 

Forward  
 

 
CTTTTCTGGTCCCGCGGGTA
GG 
 

22 
 

Rv2 
 

 Reverse   
    

 
 
kDNA 
 
  

CCACCTTGGCCTATTTTACA
CCA 
 

23 

 
 

145bp 
 

 
R221 

 
 Forward 

 
GGTTCCTTTCCTGATTTACG 

20 
 

R332 
 

 

 Reverse 
 
 

Ribosomal 
small  
subunit 
SSU 18S 
 

 
GGCCGGTAAAGGCCGAATA
G 
  

20 

 
 

475bp 
 

LiTSR 
 

 Forward CTGGATCATTTTCCGATG 20 

L5.8S 
 

 

 Reverse 

 
 
ITS 1 
 

TGATACCACTTATCGCAC
TT 
 

21 

 
 

330 bp 
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Fig 3.3 PCR cyclic conditions used for different primer based PCRs 
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3.7.4.1 Agarose Gel Electrophoresis for PCR product  

DNA grade agarose (Sigma) 10X TAE (0.4 M Tris-acetate, pH 7.5; 20 mM EDTA), 

10X TBE, Ethidium bromide: 10 mg / ml, 6X DNA loading dye: (50 percent glycerol, 

6X TAE, 1 percent bromophenol blue),100 and 50 bp DNA ladder (Fermentas and 

Promega) were used for performing electrophoresis 

1X TBE and 1X TAE buffers were required for gel tank. 50XTBE buffer was 

available as stock solution and the required buffer in the experiment was 1xTBE 

buffer. 20 ml of 50X TBE or 50X TAE buffer was dissolved in 980 ml of distilled 

water to make final volume of 1000 ml of 1X TBE or 1X TAE buffer, which was than 

used in gel electrophoresis. 

Two gm of molecular grade agarose was weighed and mixed with 100ml of 1X TAE 

or1X TBE buffer in a clean flask. The flask was heated in a microwave oven 

(Dawlance, Pakistan) for about 2-3 minutes till the gel was completely dissolved in 

the buffer .The flask was cooled in open air or in a fumes cabinet to 40-45ºC. 5µl of 

ethidium bromide solution was added to the flask and shaken gently to mix. The 

solution was then poured in the gel tank and the comb was carefully placed in a caster 

keeping 0.5 – 1.0 mm of space between the base of the gel and the bottom of the teeth 

of the comb and caster to ensure complete sealing of the wells. When the gel was 

completely solidified, the combs were removed carefully and placed the gel in the 

electrophoresis tank containing 1X TAE or 1X TBE running buffer. In the first or last 

wells of the gel DNA ladder mix of 50 bp or 100 bp (Promega or fermentas) was 

loaded while in all other wells 15-10 µl of PCR product and 3-5 µl DNA loading dye 

(50 percent of glycerol, 1 % bromophenol blue, 6X TAE,) were loaded. The gel tank 
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was connected to the power supply and the voltage was adjusted to 100 or 120 volts 

and run for 60 minutes or 90 minutes. Leishmania specific primer based PCR bands 

were first observed under UV trans illuminator and a permanent photograph was 

taken by Gel documentation system.  

3.7.4.2 Positive and negative controls and reference Leishmania strains 

 In all the PCR and RFLP studies reference strains (obtained from National Reference 

Center for Leishmania, (CNRL) Montpellier and ANSES, Maisons Alfort, France) of 

L. tropica, L. major and L. infantum were used as positive controls and distilled water 

without DNA or master mix without DNA were used as negative controls. 

3.7.5 Comparison of sensitivity and specificity of diagnostic assays 

Sensitivity and specificity of each diagnostic assay was calculated as per the 

following mathematical formulas as previously used by 

Sensitivity =                     Number of true positives 

                         Number of true positive + Number of false negatives 

Specificity =                      Number of true negatives 

                         Number of true negatives + Number of false positives 

3.7.6 Restriction Fragment Length Polymorphism (RFLP) 

The PCR products (amplified ITS1 region) from ITS1 PCR were digested using 

restriction endonuclease enzyme Hae III (Haemophilis III) as recommended by the 

manufacture (BioLabs Inc, New England). Briefly, for clinical diagnostic samples 

that were amplified by ITS PCR , quantity of 15-20 µl of the DNA was incubated and 

restricted by addition of 1µl (5 units) of Hae III enzyme and 5 µl of the corresponding 
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10 x N.E buffer and 5-10 µl of millipore water and incubated at 37°C for 1.5- 2 hours 

and gently vortex occasionally during the incubation procedure. Similarly, culture 

samples were also digested using same procedure except for using different volumes 

of amplified DNA, N.E buffer and millipore water. 5-10 µl of amplified DNA was 

added to 1µl of enzyme and 2-4 µl of the NE buffer and 15-25 µl of millipore water. 

Restriction products (15 µl) was mixed with 5 µl of 6X loading dye buffer (10 mM 

Tris-HCl pH 8.2, 80 percent glycerine, 0.1M EDTA pH 8.4,) were subjected to 

electrophoresis in 1X TBE buffer containing 2-2.5 percent MetaPhore agarose or 

normal agarose (Bio Science Rockland, Cambrex, Inc, USA) at 120 Volts for 2-2.5 

hours for medium gel tray. DNA bands were visualized under UV trans illuminator 

using ethidium bromide (0.5µg/ml) and were finally saved by Gel documentation 

system (Biorad). 50 bp and 100 bp ladders (Promega) were used.  Standard ITS1 

restriction map was used to compare the restriction patterns of the digested products. 

3.8 Molecular Identification of Leishmania from sand flies  

Female sandflies irrespective of the species, all collected from the different 

geographical locations were divided into three pools of 10 and mechanically 

homogenized in a pestle and mortar. DNA was extracted using tissue extraction kit 

(Machery Nagel) as discussed above and kDNA PCR was performed as described 

above to detect the presence of leishmania promastigotes DNA in the collected 

sandflies. Microscopy and Culture from the gut of sandfly was also performed to 

screen the presence of promastigots. 
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3.9 Molecular screening of rodents for leishmaniasis 

Microscopy using Giemsa staining as discussed above was performed on the 

peripheral blood smears obtained from the collected rodents. The rodents were 

humanely killed and dissected using standard ethical procedures. The liver, spleen 

and skin samples were collected and freezed at –20 oC till further use. DNA was 

extracted from the liver, spleen and skin tissue of the collected rodents using tissue 

extraction kit (Nucleospin II, Machery Nagel, Germany) as described above. The 

kDNA PCR was performed and the results were analysed on 2 percent agarose gel 

using standard protocol as discussed earlier in the above section. 

3.10 Sequencing 

Sequencing was performed commercially on two types of amplified gene products. 

The first type of gene used for species identification, was the locus analyzed that was 

coding for a translation initiation factor alpha subunit gene and the primers used for 

both amplification and sequencing were 12.0010F (AGAGGATGGACGTCCCAAG) 

and12.0010R (CAGAAGGAGCCGTGTGAAA). The sequences editing was 

performed using the Codon Code software (codoncode corporation) and the 

sequences were compared to an internal database for specie identification. The second 

type of gene used for sequence analysis of species was ITS 1 gene. The samples were 

sent to eurofins, MWG Operon,Germany for sequencing.  
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3.11 SDS-PAGE of serum from leishmania infected patients 

3.11.1 Collection of serum samples 

About 3-5 ml of blood was collected from molecularly confirmed leishmania infected 

patients and serum was collected. Serum was also collected from healthy individuals 

living in non endemic areas and were negative for CL. These serum samples of 

healthy individuals were used as control. These serum samples were stored at –20C 

till further use in SDS-PAGE. 

3.11.2 Protein Profile using SDS-PAGE  

For protein analysis first L. tropica cultured promastigotes were used for sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) as discussed by  

Laemmli (1970). 4 days culture was pelleted by centrifugation at 8000 rpm for 10 

minutes thrice in PBS. The pellet obtained was kept at –20C and freeze thawed three 

times before use in SDS PAGE. 

3.11.3 Reagent preparation 

a) 30 percent Acrylamide Bisacrylamide Monomer Solution 

An amount of 29.3g of acrylamide (Sigma, USA) and 0.85g of bisacrylamide (Sigma, 

USA) was weighed and dissolved in 50 ml of  deionized double distilled water 

separately,  using a magnetic stirrer. To avoid degeneration these solutions were 

stored in a brown bottle covered with aluminum foil at 4°C in a refrigerator. 
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b) Resolving gel buffer  pH 8.6  

An amount of 63.5grams of Tris- base (Sigma, USA) was weighed and dissolved in 

200 ml with of deionized water with pH was adjusted at 8.6 and stored at 4C. 

c) Stacking gel buffer pH 6.6  

Seven grams of Tris base was weighed in a graduated cylinder and dissolved in 100 

ml of double distilled water using magnetic stirrer and pH adjusted to 6.8 with 1N 

HCL or sodium hydroxide (1N, NaOH) solutions.  

d) SDS 10-15 percent solutions 

Ten or 15 grams of SDS (Sodium Dodecyl Sulphate), Sigma, USA was weighed and 

100 ml of deionized water was added to it. To avoid bubble formation solution was 

shaken gently on the magnetic stirrer.  

e) 1 percent Boromophenol Blue solutions 

One gram of bromophenol blue was dissolved in 100 ml of double deionized water 

and was stored at room temperature in a dark bottle. 

f) 12 percent Ammonium persulphate solution 

Ammonium persulphate (Sigma, U.S.A.)in 12 percent solution was freshly prepared 

by dissolving 1.2 ml ammonium persulphate  in 10 ml of deionized water. 
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g) Tris-glycine-SDS electrophoresis buffer 

Three and a half grams of Tris base, 14.5g of glycine (Merck, Germany) and 1.0g of 

SDS were dissolved together in 500 ml deionized water and the final volume was 

made 1 liter with deionized water.  

h) Loading Dye 2x Denaturing Buffer 

An amount of 1.53g of DTT (dithiothreitol)  or 1.5 ml and 2.0g of SDS were 

dissolved in 9 ml of Tris 1M (pH 6.6) and was shaken on the magnetic stirrer. Then 

20mg of bromophenol blue dye and 10 ml of glycerol was added to the solution. 

i) Staining Solution 

 A0.125 grams total of Comassie Brilliant Blue R 251 (Sigma, U.S.A.) was 

weighed in a stopper flask followed by addition of 113 ml of methanol, 23 ml of 

acetic acid, dissolved in 112.5 ml of Millipore water or double distillated water. 

j) Destaining Solution 

Fifty five ml of methanol and 75 ml of acetic acid were mixed in 100 ml of distilled 

water.  

k) Preparation of Protein Samples for Electrophoresis 

100 microliter of serum samples from leishmania infected patients were diluted with 

2 x sample loading dye with 1:1 ratio as working solution for loading. 100µl of serum 

samples was added to a separate 1.5 ml  eppendorf tubes followed by addition of 

100µl of loading dye to each sample. The samples were well mixed and heated at 65C 
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in a boiling water bath for 5-10 minutes to denature the proteins. Then 40µl of each of 

these samples was  loaded on the gel. 

l) SDS GEL Preparation 

A typical gel of different concentrations 10%, 12% of polyacrylamide was used to 

separate protein polypeptides to analyze the protein profile of the leishmania cells and 

serum samples of CL patients. Casting stand (V10.SET Scie-plas Max Fill,U.K) was 

used for mini-slab gels prepartion. Two clean plates were assembled as a single 

cassette using 2 teflon separators. This cassette was stacked upright in the stand 

firmy, using rubber pads to seal and to make a water-tight chamber.  A comb as a 

template was used to fill a line about 1-2 centimeters below the bottom of the comb 

and the height of the first separating gel solution was marked. 

m) Separating Gel  

The total volume between the cassettes, for separating gels was 10 ml, so 11 ml of 

gel-mix was prepared. 10% or12% SDS(0.2 ml), 12% of Ammonium persulphate  

(50 µl), TEMED (5.0 µl),  Monomer stock (3.34 ml), Resolving gel buffer (2.5 ml), 

Water (5.0 ml) were used to prepare separating gel. 

The acrylamide mixture, 10-12% SDS and resolving gel buffer were brought together 

to final volumes. Rapid polymerization was achieved by adding12% ammonium per 

sulphate to the mixture followed by addition of TEMED. After swirling the mixture 

was poured into the space between cassettes. the water-saturated butanol was overlaid 

to an additional height of about 0.5 cm immediately after pouring the gel mixture. 
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The butanol was used to produce leveled surface on top of the separating gel so that 

resulting protein bands were straight and uniform. 

n) Stacking gel preparation 

About 4-5 ml of stacking gel was used for one cassette. The gel was prepared by 

mixing together TEMED (2.4 µl), Staking gel buffer (1.6 ml), Distilled Water 

(3.1ml), 10-12% SDS (50 µl), 12% Ammonium persulphate (25 µl) and Monomer 

stock (0.670 ml). The butanol was poured off the separating gels into a sink before 

polymerization had started. A 5 percent of stacking gel was poured on resolving gel. 

The comb was inserted carefully to avoid formation of bubbles under the teeth of 

comb. Before filling the upper buffer compartment the comb was then removed from 

the gel. Running buffer was filled in upper and lower compartments. An amount of 35 

µl of denatured serum or leishmania protein sample was loaded in each well. Gels 

were run at a voltage 4.55 Volts /cm and to the bottom of the gel the tracking dye was 

run without  any overheating.   When the dye front reached nearly at the bottom of the 

gel, the power was turned off. Gel was removed from cassette taking extra care not to 

tear the gel. The gel was dropped into a staining petri dish containing double 

deionized water. The water was poured off after quick rinse and commassie blue stain 

was added. 

o) Staining gels for proteins  

Coomassie Brilliant Blue dye (0.2 percent) in 50 percent methanol and 15 percent 

glacial acetic acid was used for detecting protein bands in acrylamide.The gel was 

stained for 2-3 hours by keeping it on agitator.  
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Excess dye was washed out acetic acid and methanol. Destaining was performed in 

two steps, starting with 50 percent methanol and  15 percent acetic acid for 1-2 hours, 

followed by using 7 percent methanol, and 10  percent acetic acid to finish. Finally 

the gel was photographed and to save on a photographic film a permanent record.  

 
3.12 Ethical considerations 

This study was part of the Higher Education Commission Pakistan’s approved project 

“Epidemiology of Cutaneous Leishmaniasis in Human and Canine in Khyber 

Pakhtunkhwa” and the protocol of the study was approved by the Ethical Review 

Committee, Kohat university of Science and Technology Kohat with supported letters 

were obtained from the Kohat Institute of Medical Sciences, Kohat. Informed consent 

was obtained from all adults who participated in the study. For children of less than 

10 years of age, the informed consent was obtained from their parents or guardians.  

For all suspected CL cases, laboratory diagnosis and treatment were given free of 

charge and all results were kept confidentially. Only samples from consenting 

participants were used for the study. 

3.13 Statistical Analysis of the data 

All type of data was analyzed statistically by using the computer software, SPSS 16.0 

using Tukey test, Chi square test and ANOVA. P<0.05 was considered significant. 
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RESULTS 

A total of 3590 cutaneous leishmaniasis suspected cases (patients with active 

cutaneous leishmaniasis lesions) were recorded from Kohat, Karak and Hangu 

districts of Khyber Pakhtunkhwa province from March 2010 to February 2011. The 

seasonal and climatic conditions of the above cited selected study areas are almost the 

same except Hangu because of the high rainfall and located at base of Samana hills, 

however differences were observed in living and hygienic condition of the peoples of 

these areas. The prevalence (%) of leishmania infection in each category of 

population was determined. 

4.1 Epidemiology of Leishmaniasis  

4.1.1 Prevalence of CL  

In the present study different villages of the three study districts i.e Kohat, Karak and 

Hangu were visited and samples were obtained from the clinical suspected CL 

patients. All of these samples (3590) were processed through microscopy and PCR 

(kDNA) and overall prevalence was found to be 2.54 % by PCR and 1.92 % by 

microscopy. The highest degree of prevalence was recorded in Karak that was 3.17 % 

followed by Kohat 2.70 %. The lowest prevalence was recorded in Hangu district i.e 

1.85 % (Table 4.1). Similarly microscopy based prevalence of CL was found to be 

2.46 % in Karak, 1.96 % in Kohat and 1.42 % in Hangu. The prevalence was 

significantly higher in all the three selected districts (P<0.05) when analyzed 

statistically. 
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4.1.2 Gender based Prevalence  

The overall prevalence showed that the males (51.95 %) were more susceptible to 

leishmania infection than females (48.05 %) (Table 4.2). District wise prevalence 

showed difference between male and female infectivity percentage (Fig 4.1). In 

Kohat CL prevalence was 53.29 % in males and 46.70 % in females. In Karak the 

total prevalence in males and females was 47.09 % and 52.94 % respectively. 

Similarly, total male and female prevalence was 57.95 % and 42.60 % was found in 

Hangu district. A statistical significant difference was noted between the females and 

males analyzed in three districts but over all difference between male and female was 

insignificant (Table 4.2, Fig 4.1) 

4.1.3 Age based Prevalence  

Prevalence of CL was higher in children of the age group 1-15 years (Fig 4.2). In 

Kohat the prevalence in this age group was 36.26%, in Karak it was 47.14% and in 

Hangu the CL prevalence in age group 1-15 years was 43.22% (Table 4.2). Another 

age group showing high prevalence was 31-45 years having prevalence of 28.62% in 

Kohat and 18.65%. In Hangu the age group with second higher prevalence was 16-30 

years showing CL prevalence of 26.76%. Young boys of age group 1-15 years had 

more ACL lesion and scar prevalence than girls in all the three districts. In the age 

group 31-45 years females were more affected than males in Kohat and Karak 

districts whereas in Hangu males were found to be having more lesions than females. 

The age wise prevalence was significantly higher in young children of age group (1-

15 years). 
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4.1.4 Monthly prevalence  

The data was recorded monthly for the purpose of tracing out the specific period of 

the year with the highest prevalence of lesion. Generally, the CL cases were seen 

throughout year. The highest prevalence of active CL lesions was recorded in April 

(17.26% of all PCR positive cases), while the lowest prevalence of lesion was 

recorded in December (1.24 %) (Table 4.3). 

 
4.1.5 Seasonal Prevalence  

The highest prevalence of active lesions was recorded in summer from all the three 

districts (Mid April to August) (1497 PCR positive cases, 46.73%), followed by 

spring (Mid of February, March, Mid of April) with 22% of all 3203 positive cases, 

followed by autumn  (September, October) with 19.85 % of all PCR positive cases 

(Table 4.3).  The lowest prevalence was observed in winter season (November, 

December, January, Mid February) with 7.8 % cases. Prevalence was significantly 

higher (P<0.05) during months of summer. 
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Table 4.1 Over all prevalence (%) of cutaneous leishmaniasis in study districts using 

microscopy and PCR (kDNA).                                                                                               

District Population Active 

lesions 

Microscopy 

+ ve 

% 

Prevalence 

by 

Microscopy 

PCR 

+ ve 

% 

Prevalence 

by PCR 

Karak 40260 1446 993 2.46 1277 3.17* 

Kohat 40250 1216 790 1.96 1089 2.70* 

Hangu 45200 928 642 1.42 837 1.85* 

Overall  125719 3590 2425 1.92 3203 2.54 

+ve (Positive CL case) 

Statistical analysis of PCR positive CL cases in three districts using Tukey test gave 

statistically (* P < 0.05 significant) results   
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Table 4.2 Age and gender based prevalence (%) of cutaneous leishmaniasis in three 

study districts of Khyber Pakhtunkhwa. (n= 3203) 

 
 

Kohat 
 
 

 
Karak 

 
Hangu 

 
Age 

Group 
(years) 

Total Male  Female  Total  Male 

 

Female  Total  Male 

 

Female  

1-15 36.26* 61.89 38.10 47.34* 47.14 42.66 43.22* 65.92 34.08 

16-30 17.31 68.35 31.64 16.68 43.93 56.06 26.76* 45.47 54.52 

31-45 28.62* 40.93 59.06 18.65 36.90 63.04 16.04 52.15 47.84 

46-60 11.31 38.14 61.84 12.68 63.49 66.92 6.77 45.91 30.81 

61-75 5.18 42.69 57.30 2.79 51.72 48.28 6.29 72.52 27.47 

>75 1.28 59.09 40.90 1.83 55.26 44.73 0.89 76.92 23.07 

 
Statistical analysis using Chi square test (coloumn wise) *Significance (P< 0.05) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Chapter 4                                                                                                             Results 

 79

 
Fig 4.1 Gender base prevalence of CL active lesions and scars in studied districts               

 

Fig 4.2 Age wise prevalence of CL active lesions and in the study districts           

 

 

 



Chapter 4                                                                                                             Results 

 80

Table 4.3 Monthly recorded cases of Active CL Lesions in study Districts (March 

2010 – 30 February 2011).  

Months Karak Kohat Hangu Total 
active 
lesions 

PCR +ve 
 

% 
Positive 

March 2010 186 160 97 447 412 12.86* 

April 196 273 133 602 553 17.26* 

May 297 156 138 591 511 15.95* 

June 160 80 89 329 310 9.67* 

July 125 69 162 366 322 10.05* 

August 83 47 67 197 156 4.87 

September 91 120 58 279 236 7.36* 

October 170 139 96 425 400 12.48* 

November 25 75 31 131 110 3.43 

December 15 22 16 53 40 1.24 

January, 2011 29 19 22 70 44 1.37 

February 69 56 19 144 109 3.40 

 
* P < 0.05 statistically signficant when analyzed  by Tukey test. 

+ve (positive CL case) 
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Fig 4.3 Seasonal prevalence of CL in three study districts in Spring (Mid of February, 

March, Mid of April), Summer (Mid April to August), Autumn (September, October) 

and Winter (November, December, January, Mid February).  

*Statistically significant, P<0.05, when analysed by Tukey test 
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4.1.6 Area wise prevalence 

 
4.1.6.1 Prevalence in Karak 

Different randomly slected villages were visited during the study period and the 

highest prevalence was found in Khurram followed by Tootki and Sodal (Fig 4.4). 

Lowest prevalence was recorded from Shagai village (0.7%) (Table 4.4).  

4.1.6.2 Prevalence in Kohat 

In Kohat district different randomly slected villages were visited during the study 

period and the highest prevalence was found in Barh (7.08%) followed by Jabbar 

(5.4%) and Jabbi (3.74%) (Table 4.5, Fig 4.5). Lowest prevalence was recorded from 

village Kalo China Banda with only one positive case (0.04%).  

4.1.6.3 Prevalence in Hangu 

In Hangu district among the different randomly selected villages from seven union 

councils visited, the highest prevalence was found in Kahi (3.92 %) followed by Thall 

(3.38%) and Mohamad Khwaja (3.27%). Lowest prevalence was recorded from 

villages in Union council Raisan with 0.73 % (Table 4.6, Fig 4.6).  
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Table 4.4 Prevalence of cutaneous leishmaniasis in different villages of Karak 

District.  

 
Location 

 

Total 

Population 

Active Lesions PCR positive Total 

Prevalence (%) 

Khurram 3086 284 243 7.87* 

Tootki 2377 261 255 10.7* 

Sodal 3267 169 139 4.25* 

Teri 5632 132 121 2.1 

Alikhel 1711 86 73 4.26* 

Bahadar khel 3139 72 67 2.13 

Shawa 1959 73 69 3.52* 

Latambar 3216 84 73 2.26* 

Mandawa 4034 88 69 1.71 

Gurguri 6805 120 105 1.54 

Khumari 2906 55 48 1.65 

Shagai 2128 22 15 0.7 

* P < 0.05 statistically significant when analyzed  by Chi -square test 
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Fig 4.4 Endemic villages (    ) in Karak District. Teri, Khurram and Tootki are hyper 

endemic villages (http://www.khyber.org/maps.shtml) 
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Table 4.5 Prevalence of cutaneous lesions in different villages of Kohat District, 

Khyber Pakhtunkhwa.  

 
Location 

 

Total 

Population 

Active 

Lesions 

PCR 

positive 

Total 

Prevalence (%) 

Barh 3752 299 266 7.08* 

Jabbar 3532 192 187 5.4* 

Tolanj 3167 54 43 1.70 

Nasrat Khel 3124 55 40 1.28 

Sheen Dhand 3100 21 19 0.61 

Chorlaki 4278 162 155 3.62* 

Sherkot 3216 58 44 1.36 

Ghamkol 1356 7 6 0.44 

Jarma 4328 61 58 1.34 

Jabbi 2165 92 81 3.74* 

Kandar 2780 96 78 2.80 

Gul Hassan Banda 3222 118 111 3.44* 

Kalo china Banda 2230 1 1 0.04 

 
* P < 0.05 statistically significant when analyzed by Chi -square test 
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Fig 4.5 Cutaneous leishmaniasis endemic villages (represented by red triangles) 

identified in Kohat district (http://www.khyber.org/maps.shtml) 

IDP (internally Displaced People) 

 

IDP camp 
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Table 4.6 Prevalence of cutaneous leishmaniasis in different areas of Hangu District. 

* P < 0.05 statistically significant when analyzed  by Chi -square test 

Union 

Council 

 

Areas 

surveyed 

Total 

Population 

Active 

Lesions 

PCR 

positive 

Total 

Prevalence 

(%) 

Raisan Raisan, 

LodiKhel 

Ibrahim zai 

5890 50 43 0.73 

Darband Bibikhel, 

Ayaz khel 

8700 122 116 1.33 

Kotki Lakhtibanda 

Wrasta 

Chamba gul 

11900 134 123 1.03 

Mohamad 

Khwaja 

Mohamad 

Khwaja 

4057 141 133 3.27* 

Thall Thall, 

Muhammad 

zai 

5580 219 189 3.38* 

Kahi Kahi 3590 152 141 3.92* 

Toghsarae Togh sarae 5486 110 92 1.67 
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Fig 4.6 Endemic villages (red triangles) identified in Hangu, district.  

(http://www.khyber.org/maps.shtml) 

IDP (Internally Displaced People) 
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4.1.7 Relationship of metrological data with prevalence of CL 

The highest prevalence was reported in the month of April when the average 

minimum and maximum temperature of three studied districts was 19.4 oC and 31.3 

oC respectively, and average rainfall was 41.2 mm. Maximum monthly rainfall was 

recorded in the month of July in all the three districts. The maximum temperatures 

ranging from 41 oC to 43 oC were recorded for Kohat, Karak and Hangu in the 

months of June, July and August (Table 4.7). There was a dry period during the 

studied period with minimum or almost no rainfall. The lowest prevalence (1.24%) in 

December when minimum temperature was as low as 0 oC. Temperature and rainfall 

had statistically significant (P<0.05) effect on the prevalence of CL in studied areas. 

During spring and the early summer the weather was dry, hot and humid which is 

ideal for the breeding of Sandfly. The increased number of bites led to more number 

of cases during summer. The second peak of CL cases was observed soon after rainy 

season (Monsoon) in the months September and October. The sandfly activity was 

supposed to stop due to maximum rainfall during July and August leading to fewer 

bites and decreased number of CL cases.  
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Table 4.7 Metrological data (minimum and maximum temperatures C, Relative 

humidity (R.H%), Rainfall (R.F in mm) of three study districts of Khyber 

Pakhtunkhwa 

 
Kohat Karak Hangu 

Temperature                Temperature Temperature 

       Month 

Min Max 

 

R.H% 

R.F 

(mm) Min Max 

 

R.H% 

 

R.F 

(mm) 

Min Max 

 

R.H% 

R.F 

(mm) 

March 2010 17.5 30 71.5 5.5 19 33 59.5 4 17 31 79.5 15 

April 18 31 76.4 9.2 21 33 72.3 0 19.2 29 77.4 32 

May 22.7 37.8 73 25 23.8 38.3 83 21 21.3 34 77.5 12 

June 25.3 41 69.3 19.5 28.2 42.3 79.1 48 27.3 38 59.1 22 

July 29 39 89 157.6 29 41 85.3 127.4 25 38 65.9 187.5 

August 27 42 78.5 82.6 31 43 88.5 32.6 29 41 78.2 76 

September 22 38 17.5 0 26 41 65.3 0 26 39 65.5 4 

October 18 35 32.8 0 21 37 47 8 19.3 37 89 0 

November 7 27 68.8 0 9 28 78.6 0 6 27 53 0 

December 0 17 67.2 7 1 16 57.9 0 0 15 48 0 

January2011 0 25 52 0 0 22 48 9 0 24 77 9 

February2011 6 28 85.3 99 8 29 59.6 55 2 28 47.6 22 
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4.1.8 Cases reported from other parts of Khyber Pakhtunkhwa 

CL cases were also recorded from other parts of Khyber Pakhtunkhwa like 

Parachinar, Teerah, Orakzai Agency, South and North Waziristan, D.I. Khan, Cherat, 

Peshawar, Lower and Upper Dir, Bajawar Agency, Dargai, Khyber Agency, Dara 

Adam Khel (Table 4.8). Although active prevalence studies could not be conducted in 

all these areas due to limitation of resources and also due to limited access to these 

areas specially the tribal areas due to war against terrorism and poor law and order 

situation in these tribal zone. The data from these areas were obtained from the 

district hospitals and some private clinics located in these areas. A total of 869 

samples from these other parts of Khyber Pakhtunkhwa were obtained in the form of 

old giemsa stained slides (605) as well as tissue biopsies (284). These biopsies were 

transported to Kohat without cold transport system. The list of these geographical 

parts of Khyber pakhtunkhwa is shown in the table 4.8. These slides and tissue 

aspirates are checked by microscopy and PCR for the presence of leishmania. DNA 

was extracted from the old giemsa slides (unexamined) and from tissue biopsy 

samples.  
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Table 4.8 kDNA PCR of the old giemsa stained slides and old tissue biopsy samples 

obtained from different parts of Khyber Pakhtunkhwa other than studied districts 

 

Location No of old  giemsa 

slides 

kDNA 

PCR 

positive 

Old Tissue 

biopsy 

samples 

kDNA PCR 

positive 

Peshawar 87 67 28 19 

Parachinar 62 48 0 0 

Orakzai Agency 44 31 30 12 

Teerah Agency 23 17 18 7 

Waziristan 55 28 0 0 

Dara Adam Khel 32 29 21 17 

DI Khan 77 57 43 33 

Cherat 28 19 0 0 

Dargai 12 12 0 0 

Upper Dir 87 78 56 31 

Lower Dir 98 74 68 56 
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4.2 Clinical Features of disease 
 
All the typical characteristics and stages of the development of leishmaniasis were 

observed among the CL patients that included small erythematous papules, nodules 

and ulcerative lesions; whereas unusual clinical manifestations such as the 

sporotrichoid pattern, i.e., subcutaneous nodules with hyperkeratosis, i.e. lupoid 

leishmaniasis were also observed. It was very difficult to diagnose clinically only on 

the basis of wet and dry lesions that if cases were caused by L. major or by L. tropica. 

However the dry type of lesions usually caused by L. tropica was observed more 

frequently then to wet type, which is thought to be caused by L. major. Development 

was slow incase of L. tropica cases.  ITS1-PCR and RFLP analysis was done and 

spotted on maps to show the distribution pattern of L. major and L. tropica in the 

selected districts of Khyber Paktunkhwa and its vicinity which showed that L. tropica 

is the major causative agent of CL in almost all parts of Khyber Pakhtunkhwa 

whereas L. major is predominant in those parts of the D.I khan district where it border 

meets the Sindh province. The L. tropica is frequently encountered close to rural 

villages surrounded by rocky areas with dry climate and sandy soil like Kohat, Karak, 

Hangu and all the endemic districts of Khyber Pakhtunkhwa. Most of the patients had 

single lesions on the cheek or upper and lower extremities and most of them had 

sought medical intervention within 3-6 months after the appearance of the lesions. 

About 46.10 % of the sampled population with active CL lesions had duration of 7-12 

months. (Table 4.9)  individuals were also found to be having active lesions more 

than 3 years old. Majority of the patients have active and scar lesions on cheeks (23% 

of patients). The second group (18.18%) of the individuals had active lesions on the 
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arms. In conclusion the prevalence of active lesions were more on different parts of 

face as compared to extremities and rest of the body (0.99 %) (Fig 4.7) A significant 

difference (P<0.05) was found in location of lesion on face and other body pats. The 

clinical presentations of CL in patients during the epidemiological surveys can be 

well observed from the photographs (Fig 4.8 to 4.13) 

4.3 Epidemiological determinants studied 

Different variables affecting the epidemiology of disease was investigated. Out of 

total suspected individuals having active lesions 13.27 % were internally displaced 

people (IDPs) who had migrated from the tribal belt near Afghan border and had been 

living in camps or in different villages of Kohat, Karak and Hangu. The highest 

number of these IDPs (mostly from Kurram Agency, parachinar and Orakzai Agency) 

was encountered in Hangu district (25.58 %) whereas in Karak only 2.55 % cases 

were IDPs from Fata belt like Waziristan Agency. In Kohat only 15.9% were IDPs 

who belong to Waziristan, Orakzai Agency, Kurram Agency. Similarly the other 

group of affected people was Afghan refugees (9.7 % of the all CL cases) with 

highest number encountered in Hangu (Fig 4.19). Local population was the group 

with highest number of cases (77 %).  The results showed that presence of IDPs had 

significant effect on prevalence of CL in non endemic areas particularly in Hangu and 

some villages of Kohat (Nasrat Khel, Sherkot). All the affected people were asked for 

traveling history. 20.91% of all cases had traveling history to endemic villages of 

nearby districts as well as to other provinces of Pakistan like Balochistan, Sindh and 

Punjab (Table 4.11). Among the affected people from Afghan refugees majority had 

traveling history to Afghanistan in the last 2-3 months. In all positive cases 58.29% 
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cases had only one active lesion whereas only 11.36 % cases of all had multiple 

lesions ranging from 3 to 6 lesions on different body parts. Two forms of active 

lesions were observed that are dry form and wet form. Out of 3590 individuals with 

active lesions 72.47 % were having dry form while the rest (27.52%) of the active 

lesions were having wet form (Table 4.10). Some other unusual clinical presentations 

were also encountered in some individuals (not categorized separately in the results). 

Factors like House type (cemented/ non cemented), roof type, presence of animals in 

or near house, education profile of the infected population, knowledge of disease and 

access to treatment was also investigated. 66.39% of the affected individuals were 

living in non cemented houses, the roofs of these houses were either mud made with 

straw and wood, (Fig, 4.15) only 33.6% people with active lesions had cemented 

houses. Similarly as ACL was mostly recorded from villages so 60% of infected 

population had different types of domestic animals like dogs, sheep, goats, cattle, 

buffaloes, donkey or chickens in their houses or in nearby houses while in 40% cases 

there were neither types of pre mentioned animals in or near the houses (Table 4.11). 

During the field investigation of CL, education level of the affected people were also 

investigated which revealed that 27.84 % affected people have no education while 

only 14.32 % affected individuals had only higher secondary school education. The 

highest number of literate individuals was belonging to Karak district whereas the 

lowest literacy rate among infected people was recorded in Hangu district. (Table 

4.12) The knowledge of CL that is its causative agent, transmission and prevention 

and control measures were also an important factor to be investigated during 

epidemiology of disease. In this survey it was recorded that only 18.03% infected 
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people had only limited knowledge about disease that was these affected people only 

knew about the name of the disease and its clinical signs but they were unaware about 

the causative agent, its transmission or control measures. Regarding information 

about sandfly vector only 8.65% infected people were able to tell that the disease is 

transmitted by bite of some insect, although they did not know anything about the 

sandfly.  Similarly during the field survey access of infected people to the specific 

treatment was also investigated. Specific treatments in terms of Injection Glucantime 

or Injection Pentostan only 20.97% affected people were able to afford these 

injections.  In these areas 49.70% affected population had access to non-specific 

treatment of CL like local remedies, herbal medicines, different antibacterial and 

antifungal ointments, but such types of treatments usually failed to cure the lesions. 

All these findings were statistically analyzed and recorded in (Table 4.12). Various 

epidemiological factors could be observed from the photographs captured during 

surveys of endemic villages (Fig 4.15 - 4.22) 

Using univariate analysis ANOVA, various host and environmental factors were 

found to be associated with the increased prevalence of CL. These included the 

presence of IDPs and Afghan refugees in the endemic villages or presence of IDP 

camp or Afghan refugee camp near villages, presence of domestic animals near or in 

the houses of affected people, type of houses, educational status of the CL infected 

people. The presence of domestic animals and different type of trees and shrubs were 

found to be associated with increased prevalence of CL. Age up to 15 years was 

associated with the increased risk of having CL.  
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Table 4.9 % population of the three districts with active lesions based on different 

durations of lesion. * P < 0.05 statistically significant when analyzed by Chi -square 

test 

 

Duration of lesion  (%) Active lesions Total Male (%) Total Female (%) 

2-3 months 11.78 64.30 35.69 

4-6 months 26.93 46.01 54.08* 

7-12 months            46.10 46.28 53.71* 

> 1 year 15.18 71.55 28.25 
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Fig 4.7 Site based prevalence of CL active lesions. Cheeks and hands the most 

affected parts of body 

* P < 0.05 statistically significant when analyzed by Tukey test 
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Fig 4.8  A 37 years old male patient with multiple wet type lesions of right hand 
 
 

 
Fig 4.9 A 15 year’s boy with ACL of dry type on upper lip in Karak District 
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Fig 4.10 A 12 year old girl with ACL on nose from endemic village of Hangu 
 

 
Fig 4.11  A  13 year old school boy with healed lesion on left leg in Kohat district 
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 Fig 4.12  A dry lesion on right ear of a 4 year old girl in Kohat district 
 
           

 
Fig 4.13  A 10 years old school girl with CL on right cheek in Karak district 
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Table 4.10 % population with clinical features of cutaneous leishmaniasis active 

lesions in study districts.  

 

Lesion feature Kohat  Karak Hangu  Overall 

Singe lesions 53.29 63.30 57.05 58.29 * 

Two lesions 34.22 28.39 28.49 34.15 

Multiple lesions 12.47 8.29 14.45 11.36 

Active lesions with Dry form 83.14 68.39 75.64 72.47* 

Active lesions with Wet form 25.08 31.60 24.35 27.52 

 
* P<0.05, statistically significant when analysed by Tukey’s test 
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Table 4.11 Effect of different determinants on prevalence of Cutaneous leishmaniasis 

in study districts.  

Variables investigated Kohat 

(%) 

Karak 

(%) 

Hangu 

(%) 

Total (%) 

Traveling history to endemic area 14.16 21.16 28.73 20.91* 

Cemented Houses with concrete roofs 29.8 42.28 25.65 33.6 

Mud made houses with wooden and 

mud made roofs 

70.20  57.71 74.34 66.39 * 

Presence of animals in house or nearby 59  63.16 56.22 60 * 

Houses with no animals 41 36.83 43.77 40 

 

*statistically significant P<0.05 analysis by Chi-square test 
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Fig 4.14 Prevalence of CL in Internally Displaced People (IDPs) and Afghan refugees 

in study districts.  * P<0.05 statistically significant in Kohat and Hangu districts when 

analysed  by Tukey test. 
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Table 4.12 Effect of education level, knowledge of disease and access to treatment on 

% population infected with cutaneous leishmaniasis  

Variable Kohat 

(%) 

Karak 

(%) 

Hangu 

(%) 

Total (%) 

Education level 

Illiterate 

 

28.97 

 

15.28 

 

44.6 

 

27.84* 

Primary 36.32 42.91 32.98 37.82 

Secondary 18.71 25.74 14.59 20.36 

HSSC 15.97 6.05 9.88 14.32 

Knowledge of disease 

Primary information 12.76 21.55 19.22 18.03 

Vector information 7.98 8.82 9.88 8.65 * 

Access to treatment 

Could afford only local products and 

herbal medicines 

44.48 62.48 37.55 49.70* 

Could afford Glucantime or Pentostan 25.24 21.84 14.66 20.97 

 
* P<0.05, statistically significant when analyzed  by ANOVA. 
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Fig 4.15 A view of non cemented roof made of wood and straw in an endemic village 
of Kohat district  

 
Fig 4.16 Topography of endemic village showing ideal habitat for sandfly 
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Fig 4.17 A water reservoir in middle of an endemic village in Karak 
 

 
Fig 4.18 Garbage thrown outside houses, possible breeding places for sandfly 
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Fig 4.19 Type of wall with dung cakes in endemic villages, possible hiding place for 
sandfly 

 
Fig 4.20  Stray dogs in endemic village of Kohat 
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Fig 4.21   Topography of an endemic village Barh in Kohat district 
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Fig 4.22  IDP camp at Togh Sarai (a) and Khwaja Mohammad (b) Hangu  
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4.4 Screening of rodents, sandfly and domestic animals for leishmaniasis 

The involvement of other determinants like sandfly and animal reservoirs like wild 

animals (rodents) and domestic animals in transmission of CL in these endemic areas 

were also inquired. Thirty two wild rats (Rattus ratus) were caught from these 

endemic villages of Kohat, Karak and Hangu. Liver, spleen and skin samples were 

collected and processed by microscopy and PCR. Out of 32 samples, only 2 samples 

were positive by PCR and all were negative by microscopy. Two hundred sandflies 

was also trapped from these districts using sticky tapes and CDC light traps (Fig 

4.23). The sandflies were negative for culture and microscopy for the presence of 

leishmania parasites. Sandflies from only three endemic villages of Kohat (Barh, 

Kandar, Gul Hassan Banda) were positive for leishmania by kDNA PCR (Fig 4.24). 

Blood samples were collected from dogs and domestic animals like sheep, goat, cow, 

and buffalo. Buffy coat was collected from blood samples and proceeded for 

microscopy, culture and PCR. None of the samples from dogs were positive by 

kDNA PCR.  The results are statistically non significant (Table 4.13) 
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Table 4.13 Screening of rodents, sandfly and domestic animals for leishmania 

parasites.  

 

Species Type of 

sample 

Total 

samples 

Microscopy 

+ve 

Culture 

+ve 

kDNA PCR 

+ve 

Rodents (Rattus 

ratus) 

Liver, spleen, 

skin 

32 0 0 2 

Sandfly Gut 200* 0 0 3 

Dogs Buffy coat 173 0 0 0 

Other domestic 

animals 

Buffy coat 70 0 0 0 

+ve (Positive) 

* Female sandflies were pooled in total of 10 sandflies from each district 
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Fig 4.23 A female Sandfly (microscopy at 10X) trapped from endemic village of 

Kohat  

 

 

Fig 4.24 kDNA-PCR of DNA extracted from pooled sandflies showing 145bp using 

50bp ladder. Lane 1, 2, 3 positive samples, lane 4, 5 negative, lane 6 negative control, 

lane 7 positive control 
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4.5 Molecular diagnosis and sensitivity and specificity of different assays against 

cutaneous leishmaniasis 

 
4.5.1 Sampling method comparison 
 
Different type of samples was collected from the leishmania-infected patients that 

included tissue/blood smears on slides, (Fig 4.25 a and b), smears on filter papers (Fig 

4.26) tissue biopsy/tissue aspirates (Fig 4.27). Samples were obtained in duplicates or 

triplicates from the patients with CL active lesions. Tissue and blood smears on glass 

slides and filter papers were obtained from each of 3590 patients, where as 

biopsy/aspirate was taken from only 1540 of these patients DNA was extracted from 

tissue smears on slides, filter papers and biopsy/aspirates. For comparing the 

sampling methods, samples (200 each of smears on slides, filter papers and biopsies) 

from same microscopy confirmed CL cases were taken and checked with ITS-PCR. It 

was recorded that DNA extracted from 165/200 (82.5 %) biopsy/aspirate samples 

were positive while positivity rate from DNA extracted from smears on slides and 

filter papers was 74% and 69% respectively. These results showed that DNA 

extracted from biopsy/aspirate samples had better result than the sampling method by 

filter paper and slides. 

3.5.2 Culture of Leishmania parasite 

185 samples were cultured in NNN medium. Out of 185 samples cultured 97 showed 

the growth and rest were either negative or contaminated. (Fig 4.29 and 4.30) 

 

 



Chapter 4                                                                                                             Results 

 115

 

 

Fig 4.25 Giemsa stained (a) and unstained smears (b) used for microscopy 
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Fig 4.26 Tissue smears samples obtained on glass slides and filter papers 

 

Fig 4.27  Biopsy/tissue aspirates obtained from CL active lesions 
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4.5.3 Microscopy and culture comparison 

Samples from 184 confirmed CL patients belonging to three study districts were 

randomly selected to perform comparison of sensitivity and specificity of different 

diagnostic assays like microscopy, culture, kDNA PCR, ribosomal gene PCR and ITS 

1 PCR. Out of the 184 samples collected for diagnosis, 82.60 %, were confirm 

positive and 17.4 %, were confirm negative by consensus standards (Table 4.14) 

According to the standards, both parasite cultures and microscopic examination of 

smears were highly specific (100%) for the diagnosis of CL, and when analyzed 

together, they correctly identified 151/184 (82.06 %) of the confirm positive samples 

(Fig 4.29, Fig 4.30). However, 56 of the confirm positive samples were detected by 

only one method and not the other one, which indicated that for better results these 

methods should be used together. The sensitivity of each individual assay was lower, 

61.6 % and 72.12% for cultures and smear examination by microscopy, respectively. 

Negative predictive value of culturing (32.7%) and microscopy (41.3%) was low. The 

positive predictive values and specificity of culturing or examining smears have little 

relevance, since a positive result for either was always considered to be a true 

positive. Out of the 130 specimens that were positive by leishmania culture and/or by 

microscopy, all except for 2 samples were also confirmed by at least one of the 

different primer based PCR assays used in this study. According to the standards, 

both parasite cultures and microscopic examination of smears were highly specific 

(100%) for the diagnosis of CL, and when analyzed together, they correctly identified 

151/184 (82.06 %) of the confirm positive samples. However, 56 of the confirm 

positive samples were detected by only one method and not the other one, which 
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indicated that for better results these methods should be used together. The sensitivity 

of each individual assay was lower, 61.6 % and 72.12% for cultures and smear 

examination by microscopy, respectively. Negative predictive value of culturing 

(32.7%) and microscopy (41.3%) was low (Table 4.14). The positive predictive 

values and specificity of culturing or examining smears have little relevance, since a 

positive result for either was always considered to be a true positive. Out of the 130 

specimens that were positive by leishmania culture and/or by microscopy, all except 

for 2 samples were also confirmed by at least one of the different primer based PCR 

assays used in this study. 

4.5.4 PCR analysis using kDNA primers for genus identification 

The genus specific primer pair Rv1/Rv2 was used as a screening method in our study. 

We amplified the conserved 145 bp size miniexon kDNA was amplified from 

promastigotes (culture) and amastigotes (biopsy, tissue slides) DNA samples (Fig 

4.31). The kDNA PCR had the highest sensitivity of all assays used, correctly 

detecting 97.08% of the confirm positives and missing only 4/152 positive samples. 

These four false negative could be due to PCR inhibition. Inhibition was not seen for 

the all other Confirm negative samples. Specificity and false positives, positive 

samples by kDNA-PCR that were negative by all the remaining techniques was only 

observed for eight samples. The positive predictive values and negative predictive 

values for this kind of assay were 91.8% and 89.9%, respectively (Table 4.14). The 

measure of agreement, 0.652 ± 0.103, indicates good accord between the confirmed 

results and the kDNA based PCR.  The amplification has been successfully applied 

on both biopsy and culture samples.  
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Fig 4.28 Giemsa stained smears showing leishmania amastigotes under 100x oil 
immersion 
 

 

Fig 4.29 Two days Culture of L.tropica when viewed at 400X under inverted 
microscope (Nikon, Japan) 
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Fig 4.30  Giemsa stained slide of metacyclic promastigotes from 4 day culture in 
RPMI media. 
 

  M       1      2      3       4       5      6      7       8      9      10    11     12    13    M 

  

Fig 4.31 kDNA-PCR analysis of clinical samples isolated from CL patients with band 

size of 145bp using 50bp DNA ladder (M) (Fermentas). Lane 1-11 positive samples, 

lane 12 positive control, lane 13 negative control. 
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4.5.5 PCR using Ribosomal small subunit gene Primers R221/R332 

PCR with ribosomal subunit gene primers R221/R332 gave product of about 475 bp 

(Fig 4.32). The sensitivity of the ribosomal primers R 221/R332 was also tested 

during the study. These primers showed higher sensitivity as compared to ITS 1 

primers (L5.8S/LitSR) but were less sensitive than kDNA primers Rv1/Rv2. The 

ribosomal primers produced a band size of approximately 475 kb for all the L. tropica 

clinical isolates and also for the reference strains used in the study. The ribosomal 

gene PCR correctly identified 139/152 of the confirm positive samples, and the 

overall sensitivity of this type of assay was little lower, 91.03%, than that of the 

kDNA-PCR. Ribosomal PCR had specificity of 100% as no false negative was 

observed from confirm positive samples, but these primers missed 6 positive samples 

that were detected by the kDNA PCR. The negative predictive value and positive 

predictive value was 66.9% and 100% respectively (Table 4.14). 

4.5.6 ITS1-PCR using primers LITSR/L5.8S 

PCR of the ITS-1 with primer LITSR (forward) and L5.8S (reverse) gave 

approximately 330 bp product (Fig 4.33) in 2% Agarose gel for all reference strains 

and clinical isolates both from biopsy samples (Fig 4.35). The assay had low 

sensitivity when compared with kDNA PCR, ribosomal gene PCR and ITS-PCR, but 

was 100 % specific like culture, microscopy, ribosomal PCR and ITS-PCR. The ITS- 

PCR gave the lowest results of the all of the assays used in terms of sensitivity. Only 

70.5 % samples were positive. While there were not a single false positives using this 

PCR (specificity of 100% and positive predictive value 100%), the sensitivity was 

86.8% and the NPV was 38%. (Table 4.14)  
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Fig 4.32 Ribosomal gene PCR analysis of clinical samples isolated from CL patients 

with band size of 475bp using Ladder 50bp (Fermentas).  Lane 1-6 positive samples, 

Lane 7,8 negative samples, lane 9 positive control, lane 10 negative control. 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                             Results 

 123

 

 

                        

 

Fig 4.33 ITS1-PCR analysis of clinical samples isolated from CL patients with band 

size of 330bp. Upper Gel Lane 1-6,8,10,11 positive samples, Lane 7,9,14 negative 

samples, lane 13, artefact. Lower gel, lane 1,2,5,7,8,912, positive samples, lane 

3,4,6,10,11 negative samples, lane 13 positive control, lane 14 negative control. 

Ladder 50bp (Fermentas). 
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Table 4.14 Comparison of sensitivity and specificity of classical and molecular 

diagnostic assays 

 
No of samples % of samples Assay used 

C +ve  C –ve 

 

C +ve C -ve 

Sensitivity   

(%) 

Specificity 

(%) 

Positive 

predictive 

value   

(%) 

Negative 

predictive 

value      

(%) 

Culture 97 86 53.4 46.6 61.6 100 100 32.7 

Microscopy 115 69 62.5 37.0 72.12 100 100 41.3 

kDNA PCR 166 18 90.3 9.7 97.08 77.3 91.8 89.9 

Ribosomal 

PCR 

139 48 77.4 22.6 91.4 100 100 66.9 

ITS1 PCR 132 52 70.5 29.5 86.8 100 100 38 

C +ve (Confirm positive), C –ve (Confirm negative) 
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4.6 Leishmania species identification using RFLP 

4.6.1 ITS-PCR-RFLP Analysis 

 When the ITS-PCR product (Fig 4.34) was incubated and digested by an enzyme 

HaeIII, L. tropica reference strain and isolates from the clinical samples produced 

three bands approximately 185 bp, 57 bp and 24 bp (Fig 4.35 and 4.36) on the gel 

which is according to the sequence from the genebank. Two bands of about 203 bp 

and 132 bp sizes were produced for L. major (Fig 4.37) where as, L. infantum gave 

184 bp, 72 bp, 55 bp size bands, (Figure 4.35) while L. siamensis DNA was not cut 

by Hae III enzyme showing that there is no restriction site in the ITS-1 region for this 

strain. The clinical isolates (skin biopsy and culture samples) produced almost 

identical bands with L. tropica reference strain. In 275 clinical samples this analysis 

was carried out only with the ITS1 PCR products. The RFLP results from all the 

culture positive samples were L. tropica, whereas in 249/260 ITS-PCR amplified 

products, L. tropica specific bands were observed. In only 26 out of 275, L. major 

specific bands were produced. Similarly RFLP analysis was also performed on ITS-

PCR performed on DNA extracted from old giemsa stained slides obtained from other 

parts of Khyber Pakhtunkwa as described previously (Table 4.8). The RFLP analysis 

from those products identified L. tropica in 16 of samples while L. major was 

identified in only 9/25 samples, both of them belonging to D.I khan district. The 

results were statistically significant P< 0.05 for the L. tropica being the most 

prevailing specie in this part of Khyber Pakhtunkhwa (Table 4.15). 
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Table 4.15 Species identification using RFLP analysis of ITS-PCR products. 

 

 

Leishmania species identified Location ITS products 

used in RFLP L. tropica L. major 

Kohat 125 115 10 

Karak 75 71 4 

Hangu 50 47 3 

Other parts 25 16 9 

Overall 275 249 26 
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Fig 4.34 ITS1-PCR analysis of culture from CL patients with band size of 330bp. 
Upper Gel Lane 1-11 positive samples, Lane 12 negative culture, lane 13 positive 
control lane 14 negative control. Lower gel, lane 1,2 negative culture, lane 3,4,5,6 
positive, lane 7 negative control. Ladder 100bp (Fermentas). 
 
 

 

 

 

 

 

 

 

 

 

 

Fig 4.35 RFLP analysis of the clinical samples, Lane 1,2 L.tropica, lane 3 L.infantum 
reference strain, lane 4 non specific reaction, lane M, 50bp DNA ladder (Promega), 
lane 5,6 L.tropica, lane C1 L.infantum reference strain, lane C2 L.tropica reference 
strain 
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Fig 4.36 RFLP analysis of the clinical samples and cultures, Lane 1,2,3,4 L. tropica in 

clinical samples, lane 5 50bp DNA ladder (Promega), lane 6, L. tropica from clinical 

sample, lane 8, L. tropica from culture, lane 9 L. tropica reference strain used as 

control 

 

Fig 4.37 RFLP analysis of ITS1 PCR fragments amplified from culture isolates 

(Numbers (3–7) and control DNA of reference strains of  L. major (2) and L. tropica 

(8)  
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4.7 Sequence Analysis 

The sequence analysis was performed using two different genes. Twenty of the 

selected ITS-PCR amplicons are sent for ITS1 gene sequencing and the other 50 were 

sequences for 12.0010 gene. 30 of the samples failed to generate proper sequence due 

to weak PCR products. The sequences were read using Sequence Scanner v1.0 

software and later blasted and aligned using clustal w free software. Phylograms were 

contructed using clustalw software to show the evolutionary relationship among new 

Pakistani strains with the previously deposited sequences of same genes already used 

for different leishmania species (Fig 4.38 and 4.39). The sequence analysis of all the 

40 samples revealed L. tropica as the causative agent in this region (Kohat, Karak and 

Hangu districts) of Pakistan. No L. major or L. infantum found in other parts of 

Pakistan were detected in our sequenced samples. The Pakistan strains are grouped 

together and are positioned at the root of all Leishmania strains using clustal w 

software.  These results show that the Leishmania strains from Pakistan are close (98-

100% similarity) to the sequences of reference L. tropica strains deposited in 

genebank database. So all of the Pakistani strains sequenced were different variants of 

L. tropica. The comparison of sequences showed that the ITS gene and 12.0010 gene 

from Pakistan strains had 98%- 100% similarity with the other reference L. tropica 

species. 
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Fig 4.38 Phylogram (12.0010 gene) built using clustal W software (D18P147, 
K2P147, S3P147, S16P147, D23P147, K1P147, K7P147, S10P147, S1P147, 
S12P147, S13P147, S14P147 represents Pakistani strains of L.tropica isolated from 
study districts of KPK) 
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Fig 4.39 Phylogram (ITS 1 gene) built using clustalW and UPGMA software 
(D18P147, K2P147, S3P147, S16P147, D23P147, K1P147, K7P147, S10P147, 
S1P147, S12P147, S13P147, S14P147 represents Pakistani strains of L.tropica 
isolated from study districts of KPK 
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4.8 Serum protein profile of CL infected patients using SDS-PAGE 

SDS-PAGE was first standardized on L. tropica antigen that was obtained from the 

Leishmania promastigote culture. Clear bands were produced using antigen 

concentration of 300-600microgram and electrophorosed in 15% polyacrylamide gel 

(Fig 4.40). Serum samples from CL infected patients of different age groups were 

obtained and electrophorosed according to standard SDS-PAGE protocol. Different 

protein fractions (1.47-156 kDa) were detected when samples were analysed to SDS-

PAGE. In majority of serum samples raw volume of most of the protein fractions was 

increased while some proteins were decreased or missing when compared to control. 

In some samples some of the protein fractions of size 156, 133, 121, 115, 76 and 100 

were observed to be missing and remaining were also decreased in raw volume when 

compared to some other CL cases and control sample. Protein fractions 55-57 kDa 

proteins were also found to be absent in the control sample but present in three of CL 

positive samples (Fig 4.41) 
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Fig 4.40 SDS-PAGE using freezed thawed Leishmania tropica promastigote cultured 

antigen using different concentrations of antigen and different concentrations of gel 
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Fig 4.41 SDS-PAGE of serum samples of CL infected patients. M, marker Page ruler 

Fermentas. Lane 1 negative control, Lane 2-7, serum samples from CL infected 

patients. Lane 3, 5,6 showing approximately 57kDa protein band. 
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DISCUSSION 

In this study tissue smears and biopsy samples were obtained from human population 

of three selected districts of Khyber Pakhtunkhwa over a 12-month period from 

March 2010 to February 2011. This is the first longitudinal study in Khyber 

Pakhtunkhwa province, particularly in southern districts to report prevalence, 

microscopic and molecular diagnosis and molecular characterization data of 

Leishmainia species in human population of Kohat, Karak and Hangu districts of 

Khyber Pakhtunkhwa. In the present study, a molecular epidemiological approach in 

combination with classical methods to determine the prevalence, etiologic agents and 

determinants of human cutaneous leishmaniasis in the Southern districts of Khyber 

Pakhtunkhwa. The molecular diagnostic tools (PCR) in combination with the 

classical conventional diagnostic methods (culture and microscopy) for the 

identification of the circulating Leishmania species and classical epidemiology for 

determining the prevalence of CL in Kohat, Karak and Hangu districts were the best 

means to attain the study objectives. The prevalence and distribution of CL is greatly 

influenced by various environmental factors that affect the population of human hosts 

vectors and animal reservoirs. The importance of this disease has not yet been 

realized in this part of Pakistan despite the availability and expansion of the 

information on effects of environmental factors on sandfly vector of leishmaniasis, no 

attempt has previously been made to investigate the determinants that could be related 

to CL in Khyber Pakhtunkhwa. Assessment of important determinants would enable 

local population of endemic and non endemic areas of Khyber Pakhtunkhwa and 
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health professionals to define the extent and severity of the problem and the rational 

use of interventions for successful control of the disease.  

5.1 Prevalence of CL in Kohat, Karak and Hangu  

In this study, the analysis depended mainly on field surveys in endemic and non 

endemic villages of selected districts to determine the prevalence of disease through 

traditional epidemiology methods results (prevalence and assessment of the 

determinants through pre tested questionnaires) and parasitological identification 

using both conventional and molecular techniques. The same type of survey-based 

methodology was previously confirmed by microscopy, PCR or culture in Dir district, 

North Pakistan by Rowland et al., (1999). In that study over 85% of cases were 

identified by a questionnaire survey and later confirmed parasitologically. Lesions of 

unconfirmed cases were older, and it was consistent with the appreciation that 

leishmania positivity of CL cases are inversely related to the duration of the CL 

lesions (Rowland et al., 1999). Therefore, both interviewers and respondents in an 

endemic area where the disease is common since the disease is generally noticeable, 

and has a characteristic history and appearance can accurately identify CL cases. 

 A total of 3590 cutaneous leishmaniasis suspected cases (patients with active 

cutaneous leishmaniasis lesions) were recorded from different parts of Khyber 

Pakhtunkhwa from March, 2010 to February, 2011. From all of these cases samples 

comprising of tissue smears on glass slides, filter papers, tissue aspirate in eppendorfs 

and old giemsa stained slides were collected from human population in Kohat, Karak, 

Hangu. These samples were collected on the willingness of the patients during 

epidemiological investigation surveys conducted in the endemic villages of the 
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selected districts and also from the patients visiting private clinics and public hospital. 

The prevalence of CL varied significantly between each district and this prevalence 

difference could be associated with different host and environmental risk factors. The 

habitats of all the three study districts were different from each other. Since Karak is 

district with more dry habitat and majority of population live in villages. Kohat has a 

larger population density and but is level of urban population is higher than Karak 

and Hangu. The climate of three districts vary little in terms of temperature, relative 

humidity and rainfall but Hangu has comparatively more pleasant weather than Kohat 

and Karak where weather is mostly dry and hot during most of the months of the 

year. The overall population of three districts is rural, as a result more people are 

exposed to the bites of sandflies at Karak and Kohat than in Hangu. Moreover, more 

people in villages stay outside their houses during the night time than in towns due to 

unavailability of electricity for prolong periods and recreational places like parks, 

restaurants and hotels. 

5.1.1 Over all prevalence 

The overall prevalence of CL during the study period was found to be 2.54 % by PCR 

(kDNA) and 1.92 % by microscopy. (3590 CL suspected cases out of 94150 number 

of population surveyed in three districts. The statistical analysis showed that the 

prevalence of CL in study districts was significant (P<0.05). A little higher 

prevalence (4.82 %) was found in Ethopia by Negera, (2007) who studied 

epidemiology of CL in three Kiebels of Ethopia.  Although that study consisted less 

number of population and geographical area as compared to our study. There is only 

one previous prevalence study from Khyber Pakhtunkhwa province in which 
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epidemiology of ACL in Afghan refugees population of adjoining tribal areas of 

Pakistan border with Afghanistan was investigated by Kolaczinski et al., (2004), in 

which prevalence of active lesions and scars of ACL amongst the Afghan refugee 

population was found to be 2.7% and 2.4% (total prevalence 4.1%). In a similar study 

in 2004 conducted in Afghan refugees camps and Pakistani population in some 

neighbor villages, prevalence of ACL active lesions was 1.7 % in local Pakistani 

population (Brooker et al., 2004). These two studies conducted by the same team 

study included 21,046 persons in residing in 48 refugee camps of Khyber 

Pakhtunkhwa and 7,305 local people in 19 neighboring villages. Overall, 2.3% had 

ACL lesions only and 4.4% had ACL scars only, and 38 persons had both active 

lesions and scars. In our study the major target of prevalence study was the local 

population of the three districts but presence of IDPs and Afghan refugees living in 

endemic villages or in IDP or Afghan refugee camps if present nearby, was also 

investigated. In present study total prevalence of active lesions in these three selected 

districts of Khyber Pakhtunkhwa was 2.54 % in local population of these districts, 

which is little higher than the previous study conducted in this geographical area. But 

the results of previous study were mainly based on active and scar lesions in Afghan 

refugees camps and the involvement of local population was investigated to a limited 

area, while our study covered a large population of three districts resulting in more 

number of cases being recorded. Secondly, the results of the previous study were 

based only on field survey without any involvement of microscopy or PCR. Our study 

was purely based on both microscopic and molecular examination of the suspected 

CL patients. Also number of leishmaniasis cases has increased in the last few years 
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during continuous migration of IDPs from endemic areas of tribal belt. So our 

findings clearly indicated that the CL is wide spread in different parts of Khyber 

Pakhtunkhwa especially in Southern study districts. So the present study was in 

accordance of previous reports by Aslam khan and Rafique, (1980) who reported a 

prevalence of 4.9% in Sibbi, Balochistan. Some of the previous works had also shown 

more prevalence of scars as compared to active lesions like the studies conducted by 

Nadim et al., (1979) who investigated prevalence of CL in Panjsher, and Herat 

province of Afghanistan and observed 6.85% scar and 3.1% active lesions in 

Panjsher, 26.4% scar and 4.8% active lesions in Kandahar and 45.3% scar lesions and 

2% active lesion in Herat. These all reports showed high prevalence of scars as 

compared to active lesions because all these studies were conducted in hyper endemic 

parts of Afghanistan and Pakistan where the most of the population had contacted 

active lesions in the past. Our present study was based purely on active lesions. 

However, CL scars were frequently encountered in the study districts. The findings of 

our study showing increased prevalence of CL in Khyber Pakhtunkhwa are further 

supported by reports from other studies from Pakistan reported by Bari et al., (2005), 

Ayaz et al., (2011).  

In our study the disease was reported mainly from purely rural areas of Kohat, Karak 

and Hangu although cases were also reported from the semi urban villages located 

near main cities. Cases reported from the cities had histories of visits to endemic 

areas in the past few months. Spatial statistical analysis showed that in Karak CL 

endemic foci could be clustered in villages Khurram, Tootki and Sodal. In Kohat the 

clusters of CL could be established one in South East that consist of endemic foci like 
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Gul Hassan Banda, kandar, Jabbar and Chorlaki, while the other cluster consist of 

villages located in the West that is Barh and Jabbi. All these endemic foci have same 

geographical presentation (dry hilly areas) and flora and fauna habitats. 

5.1.2 Gender and age based prevalence  

A comparison of gender based CL cases across different age groups was also 

investigated during the present study. The overall prevalence showed that the males 

(51.95%) were more susceptible to leishmania infection than females (48.05%) but 

statistically these findings were non significant (P>0.05), whereas district wise 

prevalence showed difference between male and female infectivity percentage. In 

Kohat and Hangu males were more infected than female, but in Karak females had 

more cases of active CL lesions and scars as compared to males. Our results are in 

agreement with a number of previous studies that also described involvement of male 

was more than female (Jan, 1984; Shoaib et al., 2007; Soomro et al., 2009; Rehman 

et al., 2009; Samiullah et al., 2009) who also reported increased prevalence of CL in 

males than females. Some of studies reported more number of females infected than 

males like Kolachi et al., (2005) who reported male and female ration of 1:2 from an 

epidemic in one of the village of Sindh. Ayaz et al., (2011) reported outbreaks from 

Karak involving more female population. Although there seems to be no true 

relationship between susceptibility of male or female to the bite of sandfly (feeding 

preferences of sandfly) but there could be some social factors that can affect the 

gender based distribution of CL in a susceptible population. Certain social and 

cultural practices make male individuals more prone to the bite of sandflies and 

increase the risk of getting CL active infection. Males in this type of society (Khyber 
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Pakhtunkhwa province) could be more succeptible to exposue due to many reasons. 

Sleeping outdoor without shirts in summer due to continous electricity shut down in 

these villages have led to increase exposure to sandfly bite. Lack of recreational 

facilities in our study area also drive the males to stay outside the houses after sunset 

in social gatherings increase the risk of sandfly bite.  Due to cultural and social 

reasons women of these study areas stay most of time inside and are well covered 

with clothes. Prevalence of CL in female patients were more in Karak may be due to 

the fact that males belonging to Karak were involved in seeking eductaion in bigger 

cities of Khyber Pakhtunkhwa so remained unexposed to the sandfly bite. There 

could be a chance that females were encountered less during surveys of Kohat and 

Hangu where male prevalence was higher. The low education status and strict pardah 

system of women and young girls of endemic villages made them  hesitated to 

disclose their lesions infront of epidemiological survey team. Our findings are in 

accordance with previous findings by Kakarsulemankhel, (2004). The most common 

place for leisons in the women are on hands and face. While males were found to 

have lesions on all parts the body.  The overall proportion of CL cases in the age 

group of 0-15 years old children was found to be highest of all the age groups in three 

districts. Most of the children in this age group were between 5-15 years. The second 

age group with higher number of CL cases were 31-45 years of age in both Kohat and 

Karak, but in Hangu the second group with high prevalence was 16-30 years age 

(26.76% cases). The results of the different age groups varied significantly between 

each other but the difference of results of the age groups between three districts were 

non significant except for group 16-30 years which had second highest number of 
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cases after 0-15 years age group in Hangu. The lowest number of cases recorded in all 

the three districts were old people of age > 45, the majority of these people had scar 

lesions.  Singh (1964) investigated CL in ten selected villages of Heart Province and 

observed 20% of the children had either scars or active CL lesions. Similar results 

had been reported in many studies like Negerra (2003) who recorded prevalence of 

44.6% in age group of 11-20 years old was 8.3 % and 44.6% in Silti town of Ethopia. 

In endemic areas, the prevalence of CL cases is usually highest among children of age 

group 0-10 were described in previous studies Mengistu et al., (1992), Al-Jawabreh et 

al., (2003). Ayub et al., (2003) also reported 173 cases of CL with many confirmed 

cases of CL presented to Dermatology section of Nishtar Medical Hospital between 

December 1999 to March 2000. All the infected patients were residents of inner old 

city with about 86% of the infected patients were children or young adults (11-20 

years age groups with range 6-35 years). Males (77%) had more lesions than females. 

Our results of the comparison of prevalence of CL in different age groups are in 

accordance with all previous studies. The school going young children between 5-10 

years are mostly affected probably due to role of immune system which is not fully 

developed in this age. Small children from 0-5 years tend to be less exposed to sandfly 

bite as they are well covered and are very close to their mothers. Children and young 

adults of 10-20 years age had relatively higher that can be attributed to host behavior. 

The youth who are living in villages are actively involved in bringing water from 

water reservoirs, collection of wood for fire and grazing of animals thus increasing 

their chance to be exposed to sandfly bites. In our study the prevalence was also high 

in adults of 31-45 years age group in Kohat and Karak, this could be probably due to 
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the recent introduction of leishmania infection in their villages otherwise adults living 

in endemic areas usually have protective immunity since they were exposed to CL in 

early childhood. The number of scar lesions prevalence was more in adults than 

children and younger people, which indicated their previous exposures to sandfly. 

Another factor that could have a possible role in the involvement of people of older 

age was the decline of immunity (low level of antibodies) that happens with the 

passage of time. In Hangu the prevalence was also high in young people of age group 

16-30 years, which could be due to their first time exposure to leishmania infection. 

These young people belonged to the area having recent outbreaks of leishmaniasis 

due to arrival of IDPs in their villages. Young people of age group 16-30 could not be 

exposed to sandfly because most of the people from this age group usually study in 

colleges and universities of non endemic areas of Kohat and Peshawar and also most 

of the young people work in different private and Governmental organizations based 

in nonendemic cities. In this study, elderly people of the some endemic area were 

investigated about their opinions about the first appearance of the CL in their villages 

and estimated time since the disease has occurred in these areas. From their responses 

the average time calculated about persistent existence of this disease was calculated to 

be about 5 years. That indicated the prevalence of disease in this area recently. But in 

some endemic villages of Kohat, Karak and Hangu the disease had been persistent 

from last 10-15 years. The local name for this disease was Saldana or Kaldana in 

local languages, which means a lesion that persists on the body all the year and can 

happen anytime in the year. In some of the villages of Kohat and Hangu, the disease 

was recently introduced just a couple of years back due to migration of IDPs from 
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endemic areas of Khyber Pakhtunkhwa. To justify our results, information was tried 

to be collected from the health records of different Government hospitals, 

dispensaries and basic health units of the three districts but unfortunately there was no 

proper case record system for leishmaniasis and very few cases were documented 

because of lack of interest in this disease by health authorities. Although, the hospital 

staff was of the view that the number of CL cases had been increased since last 2 to 3 

years. 

5.2 Effect of weather and season 

In the present study, the highest prevalence of lesion was recorded in March (602 

patients with active lesion), while the lowest prevalence of lesion was recorded in 

December (53 patients with lesion). Minor differences in the prevalence may be due 

to difference in the host and environmental conditions. Considering the role of the 

weather meteorological factors may have the spread of CL particularly by increasing 

the sandfly population. It was noted that the monthly distribution pattern of active 

cases of CL was related to the temperature, humidity and the rainfall in three study 

districts. Gradual increases in average temperature were from 21 to 35°C. Humidity 

and rainfall can be associated with increase population densities of sandflies. The 

highest prevalence of lesion was recorded in summer (Mid April to August) (1784 

cases), followed by Spring (Mid of February, March, Mid of April) with 820 cases, 

followed by autumn  (September, October) with 704 cases.  The lowest prevalence 

was observed in winter season  (November, December, January, Mid February) with 

total of 326 cases. Prevalence was significantly higher (P<0.05) during summer, 

spring and autumn as compared to winter. The mean temperature was 31.48°C, 
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humidity 71.28% and rainfall at 3.2mm was noted. It was noted that dry, hot and 

humid environment favor the breeding of sandflies. Less number of cases were 

recorded in winter because of low temperature in the ranges of 0-15°C during month 

of December along with strong winds which has negative effect on the breeding of 

sandfly fauna resulting in decreased exposure to the leishmania infected sandflies. In 

a study done in Srilanka, there was an increase of CL cases during February/ March 

and July, August, September, with the highest cases being recorded in August. These 

periods usually followed the monsoonal rainy periods that are November to January 

and May, June (Rajapaksa et al., 2007). Our findings are in concurance with studies 

done in Iran (Talari et al., 2006) , Sirilaka (Rajapaksa et al., 2007) ,Afghanistan 

(Faulde et al., 2008), and Northern Ethopia (Morrone et al., 2011). In some previous 

studies conducted in Balochustan and Sindh province, Pakistan, cases of CL caused 

by L.major were observed more frequently during winter (Kakarsulemankhel, 2004; 

Bhutto et al., 2008).  It is important to note that summer, winter autumn and spring 

seasons occur at different times of year in different parts of Pakistan with minor 

differences and also with huge differences in countries of other continents. In present 

study, the correlation between the number of CL cases and annual rainfall was weak. 

Global warming and climatic changes plays an important role in the sand fly 

infections (Kuhn, 1999), which needs to be further investigated in the study districts. 

5.3 Clinical features of CL affected by host and environmental factors 

Although the determinants of CL such as the host factors, leishmania parasite, 

sandfly, the reservoirs, and the environment are multifactorial some selected 

demographic, host and environmental factors were investigated in this study. The 
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demographic factors (like age, sex) have been reported previously as a variable 

source in exposure to CL.  

5.3.1 Number of lesions, duration and clinical forms  

In our study majority of the patients (58.29%) had single active CL lesion and 

34.15% had two lesions and only 11.36% people had multiple active lesions with 

average of 4 lesions. One of the patients belonging to Hangu district had 17 scar 

lesions on different parts of the body.   Most of the patients with active lesions had 

sought medical intervention within 3-6 months after the appearance of the lesions. 

About 46.10% people with active CL lesions had duration of 7-12 months. But some 

individuals belonging to certain endemic villages were also found to be having active 

lesions more than 3 years old. As CL in Khyber Pakhtunkhwa is thought to be 

anthroponotic caused by L. tropica in which the duration of lesions vary from 3 

months to 12 months, while incase of L. major infections lesions are thought to be 

self healing within 3-6 months, although in the field conditions the story is not always 

true. Limited access to specific anti leishmanial drugs, persistence of secondary 

bacterial infections, development of antimonial resistance and other factors like 

hygiene could influence the duration of persistence of CL active lesions. 

In our study two forms of active lesions (dry and wet) were observed. Dry form 

(usually thought to be caused by L. tropica) and wet form (zoonotic form caused by 

L. major) Myint et al., (2008). Out of 3590 individuals with active lesions 72.47 % 

were having dry form while the rest of the active lesions were having wet form. Some 

other unusual clinical presentations were also encountered in some individuals (not 

categorized separately in the results). In this study dry type of lesions were 
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encountered more because L. tropica is prevalent in this part of Khyber Pakhtunkhwa, 

which is supported by two previous studies. Firstly by Rowland et al., (1999), who 

isolated, cultured and molecularly characterized L. tropica from clinical patients with 

dry lesions and wet lesions in Afghan refugee camp of Dir district, Khyber 

Pakhtunkhwa. Later a prevalence study done in afghan refugee camps in other parts 

of Khyber Pakhtunkhwa also reported dry forms in CL patients, although the study 

was not supported by isolation and characterization of causative agent. Its practically 

impossible to differentiate L. tropica and L. major only by clinical forms of dry or 

wet type (Al Jawabrhae , 2003; Padovese, 2009; Bari et al., 2011) Our present study 

which is supported by molecular characterization concluded the presence of L. 

tropica in majority of all dry forms and even from wet forms.  

5.3.2 Location of lesions  

In the present study, the highest number of cases had an active lesion or scar located 

mostly on different parts of face including cheeks, forehead, nose, lips, chin, ears. 

The face is therefore the most exposed body part which is easily accessible to sandfly 

bites, specially the softness of the skin particularly in young children, females, young 

adults and adults without beards on face makes it a preferable site of feeding for the 

sandfly. Other workers observed similar findings in the past (Al-Jawabreh et al., 

2003; Shoaib et al., 2007). In comparison, the study by AL-Obaidi, (2000) found that 

CL lesions occurred mainly on upper limbs and lower limbs, less frequently on the 

face, and much less frequently on the trunk. In our study male patients had active and 

scar CL lesions involving almost every part of body including different parts face, 

arms, hands, legs, feet and even on the abdomin, while females had lesions on face, 
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hands or feet. This could be due to the fact that females are more confined to the 

houses and are well covered in clothes according to strict social and cultural values 

practiced in this part of Khyber Pakhtunkhwa. While males are prone to sandfly bites 

that can involve any part of the body because males especially during summer season 

when there is very hot weather, prefer to sleep outdoors without their shirts. These 

findings are also justified by reports of previous reports by Samiullah et al., (2009) 

5.3.3 Effect of Environmental factors  

Different factors like house type (cemented/ non cemented), roof type, presence of 

animals in or near house, education profile of the infected population, knowledge of 

disease and access to treatment was also investigated. 

5.3.4 House and roof type  

In our study 66.39% of the affected individuals were living in non-cemented houses, 

the roofs of these houses were either mud made with straw and wood, only 33.6% 

people with active lesions had cemented houses. Statistically analysis showed a 

positive relation between type of house construction and exposure to sandfly bite. In 

our study which was conducted in remote rural villages and some urban parts of 

selected districts of Khyber Pakhtunkhwa, the construction of houses observed were 

mainly KACHA type (non cemented) and the roofs were also made of wood, straw 

and overlaid by mud. Cemented or stone made houses are found less frequently. 

Majority of houses had cracks in walls and people had stored wood and straw as fuel 

source on their roofs. All these factors increase the risks of sandfly exposure. These 

cracks in the walls and roofs and the wood and straw stored on top of roofs provide 

an excellent hiding place to sandflies. However, in cemented houses the risk could be 
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minimum. The findings of this study are in agreement with previous studies  

(Kolazanke et al., 2004). 

5.3.5 Role of domestic animals  

The result of present study showed that presence of domestic animals (cows, 

buffaloes, sheep, goats and pet dogs) in the houses of CL infected patients or close to 

these study houses were associated independently with the prevalence of CL. Cow or 

buffalo dung can provide an ideal environment for the development of sandfly larval 

stages, attracting the sandfly vectors into closer association with the humans and thus 

increasing the risk of sandfly exposure. A positive correlation between prevalence of 

disease and the presence of domestic animals have been discussed in some previous 

studies (Bern et al., 2000; Bucheton et al., 2002). It is possible that the presence of 

domestic animals influences the populations of the sandfly vectors and provide an 

additional blood source or act as attractant making residing people of that house more 

vulnerable to sandfly bite. Similar results have been described by Brooker et al., 

(2004) who reported that although these animals are not reservoirs of leishmania 

parasite, but they can increase the contact of sandfly and humans. Dogs have been 

found infected with L. tropica in Morroco (Deruer et al., 1991), but are not potential 

reservoirs being reported from other parts of world. In our study many stray dogs 

were found in CL endemic villages but none of the dog was found positive for 

leishmaniasis. Infact, there increase number in streets can attract sandfly for blood 

meal thus increasing the risk of CL to the inhabitants. Our results are in agreement 

with previous studies on role of domestic animals in transmission of leishmaniasis. 
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Recently autochthonous case of cutaneous leishmaniasis in a cow in Switzerland has 

been reported (Lobsiger et al,. 2010) 

5.3.7 Presence or absence of IDPs  

In the present study the presence of IDPs/Afghan refugees or IDPs camps/Afghan 

refugee camps in or near the endemic villages was also investigated. In this survey 

13.27% CL cases were recorded in IDPs that have migrated from military operated 

tribal areas to the settled districts of Kohat and Hangu. These IDPs seek shelter in 

different villages by renting houses or were living in IDPs camps. Like wise 9.7% 

cases were recorded in Afghan refugees living in the study districts. In conclusion, 

presence of IDPs or their camps were found to be positively correlated with 

prevalence of CL through statistical analysis, however, it was observed that in some 

villages of Kohat (Nasrat kheil and Sherkot) and Hangu (Raisan, Mohamad Khwaja 

and Togh Sarai) the number of IDPs (who had migrated from kurram agency and 

Orakzai agency) were residing more as compared to other villages surveyed. 

According to the local inhabitants of those villages, the disease was recently 

introduced in their areas after migration of IDPs. No IDP or Afghan refugee camp 

was present in Karak district although only 2.5% of the CL affected population in 

Karak were IDPs (migrated from Waziristan agencies) and 3.18% were Afghan 

refugee camps residing in different villages. In Hangu district the presence of IDPs 

(25.58%, 370/1446) were positively correlated to increased prevalence of CL in local 

inhabitants of Hangu. As Hangu is easily accessible to these IDPs and most of IDPs 

have seek shelter in local villages of Hangu and also a part of them have merged in 

different relative families. IDPs belonging to Kurram agency, Orakzai Agency and 
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Teerah (Khyber Agency) could be a possible source of bringing infection to the non 

endemic areas of Kohat, Karak and Hangu and also to other parts of Khyber 

Pakhtunkhwa, because all the above mentioned tribal areas (agencies) are located at 

the border of Afghanistan and are endemic areas for CL. Because these tribal people 

share social and cultural values they can easily visit to endemic areas of Afghanistan 

(world number one endemic country in CL) and bring back with them leishmania 

infection. As the leishmania infected persons are present in the non endemic area 

there is complete risk of development of CL in other healthy people because of the 

presence of sandfly vector in these areas. Sandfly vectors had been reported from 

Kohat and Hangu districts (Qutbuddin, 1951; Shakila et al., 2006). Previous reports 

also justify the findings of the present study (Soomro et al., 2009; Bari et al., 2011). 

Similarly Afghan refugees were also a big source of bringing CL to the non endemic 

areas of Pakistan particularly Khyber Pakhtunkhwa (Rehman et al., 2009). In 1990 

the official figures of Afghan refugee population was 3.27 millions but the actual 

number was more than 5 million Afghan refugees with majority of them residing in 

different camps and others illegally in different areas of Balochistan province and 

Khyber Pakhtunkhwa province. These Afghan refugees were responsible for bring 

many bacterial, viral and protozoal disease including leishmaniasis to Pakistan 

(Wallace et al., 2002). An increase in the population and migration of refugees has 

resulted in the establishment of new settlements, thereby intruding into the natural 

sylvatic environment. In Pakistan it has been reported that the civil war situation 

increased the incidence of CL due to the associated deterioration of the infrastructure 

and increased migration levels (Brooker et al., 2004) There are records on epidemics 
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of localized CL being associated with mass population movement, settling in 

previously uninhabited areas, deforestation, road construction, and war (Al shafi et 

al., 1991). 

5.3.7 Education level  

Although the majority of population in the villages are assumed to be having low 

literacy rate, however, the host factors appraisal showed that the education level of 

people was significantly related (P<0.05) to the prevalence of CL using statistical 

univariate analysis. In our study CL was found more in illiterate people, 27.84 % 

affected people have no education which included mostly women and children of 

young age and some old men while only 14.32 % affected individuals had only higher 

secondary school education. However, it is not possibly directly related to leishmania 

infection, and a number of related confounders involved have to be considered; 

especially financial strength and other facilities can lead to least exposure of sandfly 

bites (Al-Jawabreh et al., 2003; Kolachi et al., 2005). 

5.3.8 Vector and disease information  

Regarding information about sandfly vector there was complete unawareness among 

the infected and non-infected population. Only 8.65% infected people were able to 

tell that the disease is transmitted by bite of some insect, although they did not know 

anything about the sandfly. Rather it was thought that the disease was transmitted by 

some flies or mosquitoes or might be some other type of insects. Similarly during the 

field survey access of infected people to the specific treatment was also investigated. 

As the disease is mostly found in remote rural areas of Kohat, Karak and Hangu 

where the majority of people were unable to afford the specific treatment in terms of 
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Injection Gucantime or Injection Pentostan. Only 20.97 % affected people were able 

to afford these injections. The rest of the people were either unable to buy these 

injections or they purchased these injections by taking loan. In these areas 49.70% 

affected population had access to non specific treatment of CL like local remedies, 

herbal medicines, different antibacterial and antifungal ointments, but such types of 

treatments usually failed to cure the lesions. 

5.3.9 Molecular analysis of sandflies, rodents and domestic animals 

In this study sandfly vector and rodents were also collected from different endemic 

villages and leishmaniasis free villages of the study districts. The sandflies were 

caught using CDC traps and sticky tapes. The objective of our present study was to 

collect sandflies irrespective of their specie identification. Although the species of 

sandflies couldn’t be identified because lack of expertise and required materials, but 

the presence or absence of leishmania parasites was done using microscopy, culture 

and molecular analysis. Only pooled sandfly samples from 3 of endemic villages of 

Kohat (Barh, Kandar and Gul Hassan Banda) were positive by kDNA PCR. In 

previous studies P.sergenti was a proven susceptible vector of ACL in Afghanistan 

and Pakistan, but further work is needed to isolate and type L. tropica from wild 

sandfly females (Killick-Kendrick, 1995). P. patasi is also succeptible to carry L. 

tropica and is widely distributed in different parts of Pakistan including Khyber 

Pakhtunkhwa province (Killick-Kendrick ,1994).  

In our study only two of the trapped rodents (Rattus ratus) were positive for 

leishmaniasis. Lemma et al., (2009) conducted study on animal reservoirs in Addis 

Ababa, Ethopia and all the rodents Rattus ratus were negative for Leishmania. These 
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rodents may not be preferable source for blood meal, although further detailed 

investigations are required by increasing the number of Rattus ratus and also to 

collect and screen rodents of other genera. Therefore, detailed study of sandfly 

species, their identification, feeding preferences and habitats in this part of Khyber 

Pakhtunkhwa are needed to be investigated in future projects. Likewise, role of 

animal reservoirs like rodents also need detailed investigation even during the study 

L. tropica was found to be the causative agent in different selected study districts of 

Khyber Pakhtunkhwa. 

5.4 Comparative analysis of microscopic, culture and molecular assays 

The second part of the present study was to use different classical methods like 

microscopy, culture and finally molecular diagnosis of CL using different primer 

based PCRs and species identification using RFLP and genome sequencing. The 

diagnosis of leishmaniasis requires the identification of the strain (species), especially 

in the muco-cutaneous forms of the disease, whose clinical characteristics alone do 

not allow clinicians to establish prognosis. Samples were collected from the active 

lesions and tissue smears were obtained on glass slides and filter papers. In our study 

all the samples were tested through giemsa stained microscopy and overall prevalence 

of 1.92% was recorded which was lower than PCR based prevalence (2.54%). 

Microscopy is although 100% specific yet its not a sensitive method. Also it requires 

expertise to find amastigotes from the microscopic field and most of the time positive 

samples are declared negative (false negative) due to human error. Similar results 

were shown by all the previous studies indicating the less sensitivity of microscopy. 

(Bari et al., 2005; Ayaz et al., 2011).  All classical methods like microscopy, culture 
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and histopathology method used for the diagnosis of CL have modest to low 

positivity rates, such as microscopy, 42% by Aviles et al., (1999), 46.8% by Weigle 

et al., (2002), 48.3% by Andresen et al., (1996), 66.7% by Rodrigues et al., (2002), 

and culture 46.6% by Rodrigues et al., (2002) 

In this study, Out of 185 samples cultured 97 showed the growth and 53 were either 

negative or contaminated. The main problem met during culturing was the fungal 

contamination (aseptic techniques in the field could not be maintained as in the 

equipped laboratory). Other problems encountered were the maintenance of optimal 

temperature (24-26C) required for the culture of promastigotes which could not be 

done due to high environmental temperature (around 41C during summer in Kohat). 

Due to this reason the incubators were unable to maintain required temperature. The 

condition was further worsened due to continuous electricity supply interruptions as a 

part of governments load shedding program due to shortage of electricity in country. 

Although the culture can’t be used for species identification, however, it helps in 

clinical diagnosis (one of gold standard method by WHO) and can be used for 

detailed molecular studies for species identification as well for isoenzyme analysis. 

In all form of leishmaniasis, the host defenses influence the concentration of parasites 

in body tissues and fluids. So the real problem is the CL cases is low density of 

parasites in the clinical material. For correct diagnosis of such cases, a highly 

sensitive method like PCR is needed.  

In this study the first assay optimized for molecular diagnosis at genus level PCR 

using genus primers specific for the kinetoplast DNA (kDNA). kDNA based PCR 

using primers Rv1/Rv2 were successfully used to determine molecular prevalence of 
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disease in selected study districts. As it is highly sensitive (about 98%) it was able to 

show positive results in 3203/3590 samples obtained from active lesions of CL 

patients. A Leishmania parasite consists of approximately 10,000 copies of circular 

DNA molecules (minicircles) containing a conserved sequence of approximately 

145bp. KDNA-PCR diagnosis was preferred for many research groups because due to 

the high copy number of target sites that is able to detect less than a single parasite in 

sample theoretically. kDNA-PCR can therefore be used for routine molecular 

diagnosis from clinical samples (Lachaud et al., 2002; Nasereddin et al., 2006; 

Romero et al., 2009). Old Giemsa stained slides from other parts of Khyber 

Pakhtunkhwa were obtained and DNA extracted and amplified by kDNA PCR, which 

successfully amplified 81% of the old slides as previously reported (Motazedian et 

al., 2002). kDNA PCR should be recommended in microscopy negative samples. So 

if used with microscopy the specificity can be increased. Later, other primers like 

ribosomal SSU gene primer (R221/332) and ITS1gene primers (LitSR/L5.8S) were 

also used to check their usefulness to be used in routine diagnosis from clinical 

samples. It was concluded that R221/332 primers had better sensitivity then ITS 1 

primers but were less sensitive then kDNA primers. So use of these primers were not 

recommended for the routine molecular diagnosis of clinical samples especially when 

the parasite load is low when detected in microscopy (1-2 amastigotes). Our results 

were in accordance with the previous reports (Al Jwarbeh et al., 2003; Diego et al., 

2011). In this study the sensitivity and specificity of classical (microscopy, culture) 

and molecular methods (kDNA PCR assay, Ribosomal SSU gene PCR, ITS1-PCR) 

were compared. Culture was least sensitive followed by microscopy, although both 
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the methods were 100% specific. Whereas in molecular methods kDNA had the 

highest sensitivity of about 98% but the specificity was low (some true negative 

samples were declared positive). ITS-PCR has the lowest sensitivity of all molecular 

assays. In terms of specificity ribosomal SSU gene PCR and ITS PCR were 100% 

specific when compared to conventional PCR using kDNA primers. Workers in the 

past have shown sensitivity and specificity of for these types of PCR so our results 

are in accordance to them. There are approximately 160 copies of the genes for the 

small subunit of ribosomal RNA or 18S rRNA in a single leishmania parasite. These 

genes were successfully used by different researchers (Spanakos et al., 2002; 

Schönian et al., 2003; Chargui et al., 2005). It is generally believed by all these 

workers that 18S rRNA-specific PCR is highly sensitive target gene because the 18S 

rRNA genes are highly conserved in different leishmania species, so discrimination 

within the genus is not usually possible. ITS region PCR for L. donovani was found 

to be less sensitive than PCR of the 18S rRNA as described previously by Osman et 

al., (1997) and (1998). ITS regions (ITS1 and ITS2) are targeted in a nested PCR  

because of more variability of these sequences which allow species identification 

using RFLP or SSCP El-Tai et al., (2000). 

The comparison between various types of PCR based methods and classical 

diagnostic methods were the purpose of several previous studies  (Katakura et al., 

1998; Pirmez et al., 1999). Different types of samples, sampling techniques, primers 

and DNA targets were planned in those studies as candidates for leishmaniasis 

diagnosis. The clinical samples and sampling techniques used were lesion biopsies 

and lesion aspirates for culture  (Mathis and Deplazes, 1995; Matsumoto et al., 1999), 
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cotton swabs (Mimori et al., 2002), tissue and blood smears on filter papers as used 

by Campino et al., (2000); Al-Jawabreh et al., 2004), formalin-fixed lesion biopsies 

(Mimori et al., 1998), old Giemsa-stained smears (Motazedian et al., (2002). The use 

of such wide choice of alternatives may imitate huge activity in research about 

leishmaniasis for improvement of diagnostic capabilities, yet, this has created such a 

confusing state that its quite difficult to tell the best one or the reference method for 

diagnosing different clinical form of leishmaniasis. So the best option could be to 

develop a PCR setup with high reproducibility in addition to high sensitivity and 

specificity. The reproducibility should be with-in PCR run, between PCR runs and 

between different laboratories. kDNA-PCR is although the most sensitive type of 

method for routine diagnosis of leishmania in clinical samples, however, care must be 

taken to avoid contamination because of the high copy number. So in our study all the 

possible precautionary measures were adopted to avoid contamination that was the 

use of separate rooms for DNA extraction, preparation of master mix, PCR 

thermocycler and gel electrophoresis. All the steps were done using DNA extraction 

positive and negative controls and PCR negative and positive controls and by use of 

sterilized equipment and disposable gloves and tips.  

Clinical diagnostics based on PCR has demonstrated to be more sensitive than the 

other techniques is well applicable for direct clinical diagnosis as well as for strains 

identification, but reports from other workers should be taken into consideration as 

Reithinger et al., (2003) concluded that ELISA is more sensitive (81%) than PCR 

(31%) for  diagnosing active canine leishmaniasis. Reports by Schallig and Oskam 

(2002) and others were to optimize PCR based diagnosis for leishmaniasis and to 
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incorporate PCR in the operational case definition of WHO for leishmaniasis in 

future. This adaptation of PCR by the WHO in its operational case definition of 

leishmaniasis, like in other diseases e.g smallpox, Anthrax or typhus (WHO, 1999), 

will liberate us from using the classical low sensitive methods like smear and/or 

culture as 'gold standard' for clinical trials, method comparison etc. Our results 

concluded that PCR-based techniques present a very sensitive diagnostic method for 

Giemsa-stained smears indicating that these slides can be re-used for kDNA, 

ribosomal and ITS1-PCR and that stain, oil, debris and other possible inhibitors do 

not form any hindrance for PCR diagnosis. Yet, making PCR-based methods, in 

general, more technically attractive in hyper endemic areas and to bring them from 

universities and research institutions into daily clinical practice remains a constant 

challenge. 

5.5 Species Identification using RFLP and sequencing  

Various leishmania species resemble in morphology so different approaches like 

microscopy and culture are not fruitful and cannot be used to differentiate the various 

species. In this study, we used ITS1based PCR-RFLP and sequence analysis to 

identify the prevalent Leishmania species of in the study districts. The ITS1PCR-

RFLP analysis showed that 241/275 ITS1 PCR amplified products were diagnosed as 

L. tropica and only 25 of the total ITS1 PCR amplified products were recognized as 

L. major. Similarly the sequencing of the ITS 1 PCR products and 12.0010 gene 

sequencing also confirmed L. tropica in all the samples represented different villages 

of study districts. It was therefore concluded that L. tropica is the prevailing specie in 

Khyber Pakhtunkhwa, which confirms previously epidemiological studies that were 
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not based on molecular analysis. (Brooker et al., 2004) L. major was found in few 

samples, when the case history of these patients were investigated, most of the 

patients diagnosed with L. major infection had traveling history to endemic areas of 

Sindh and Balochistan province where L. major is more prevalent than L. tropica 

(Bhutto et al., 2009; Marco et al., 2006; Noyes et al., 1998). These patients had 

visited these provinces for business purposes or to participate in some kind of 

religious gatherings. Previous studies conducted in different parts of the country 

reported that L. tropica is the principal causative agent of CL and our current findings 

are in agreement with these previous reports (Ashford et al.,1973; Hailu et al., 2006; 

Gadisa et al., 2007). This establishes however that L. major is possibly breaking out 

in new foci, establishing new endemic sites. No intra specific variation in species was 

observed in the RFLP patterns when the amplified ITS regions of different strains of 

L. tropica, were digested with different frequently cutting restriction enzymes. This 

sequence variation with in species may go undetected by RFLP analysis since the 

restriction enzymes detect only a subset of the total variable sites (Stothard et al., 

1997). In some other studies in contrast to this observation, considerable 

heterogeneity within the ITS-RFLP was found in strains of L. tropica and L. 

aethiopica (Schönian et al., 2000) and (2001) and also of NW Leishmania species, 

whereas different species showed different levels of inter species variation (Guevara 

et al., 1992; Cupolillo et al., 1995; Rotureau et al., 2006). Sequencing was done on 

limited number of samples because of limitation of financial resources. So, the 

sequencing of other samples would be done later on upon availability of funding. 
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5.6 Serum protein profile using SDS-PAGE  

Presence of different protein biomarkers in serum are very helpful for diagnosis and 

prognosis of different forms of cancers and other diseases. Levels of certain proteins 

can be increased or decreased during disease progression. Uncovering these 

differences in expression levels of proteins, a function of disease succession is 

important for prognosis. In our study SDS procedure yielded 13 protein fractions 

ranging in molecular weights from 1.47-156 kDa, on the basis of their appearance and 

raw volume in sera samples. It was observed that raw volume of many serum protein 

fractions was increased in greater part of CL cases as compared to controls. In the 

present study protein fractions 55-57 kDa appeared in 54% of CL cases but was 

undetectable in normal controls. Other workers, who compared subcellular proteins of 

normal and CL cases using SDS-PAGE, reported similar findings. Their studies 

showed significantly elevated concentrations of non-histone proteins of size, 41 kDa, 

57 kDa in cases than in the normal controls (Shankar, 1959). The alterations in total 

serum proteins of visceral leishmaniasis is a well known observable fact  (Shankar, 

1959; Forgber et al., 2006) . However, detailed analysis of the sera proteins of this 

neglected disease with modern available technologies has not been yet implicated on 

mass level. Proteomics knowledge can be used to explore the plasma proteins of some 

related infectious diseases like human African trypanosomiasis (Papadopoulas et al., 

2004) tuberculosis (Agranoff et al., 2006) and leprosy (Gupta et al., 2006) has been 

reported previously. In this study, as expected, many acute phase proteins were 

demonstrated being differentially expressed. Further investigation of sera samples 

from CL patients could yield more information. Silver staining would give better 
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results than commessie blur stain whether minute quantities of these protein fractions 

were present. Two dimensional gel electrophoresis (2-D) is a latest technique that can 

be developed with better resolution power and would used to separate the serum 

proteins according to ionic potentials and molecular weight.  Longitudinal studies are 

required to further evaluate the identified serum proteins as their utility as prognostic 

biomarkers. Since CL is endemic in these remote areas of Khyber Pakhtunkhwa 

where resources are limited, simple and economical methods need to be developed to 

use these techniques in routine clinical setting. Development of simpler dipstick 

assays will facilitate testing these proteins under field conditions. 
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5.7 Conclusions and Recommendations 

1. It is concluded that CL is highly prevalent in Southern districts of Khyber 

Pakhtunkhwa and the number of new cases are increasing day by day. The endemic 

foci identified during the present study present continuous risk for near by 

leishmaniasis free areas  

2. The present study confirms L. tropica for the first time to be the proved causative 

agent of CL in southern districts of Khyber Pakhtunkhwa. Although, L. major was 

also found sporadically. Molecular epidemiological studies should be conducted in 

wider coverage in different areas of Khyber Pakhtunkhwa including tribal belt to map 

the complete distribution of the disease in province.  

3. Unstained and stained tissue smears on glass slides, and blood and tissue scrapings 

on filter paper can be evenly used for diagnosis of leishmaniasis by kDNA-PCR or 

for long-term preservation for future studies. 

4. ITS1-PCR and RFLP are vital tools for CL clinical diagnosis and species 

genotyping.Basically, knowledge of the infecting species in this part of Khyber 

Pakhtunkhwa will provide a guide to appropriate treatment and improve control 

measures. 

5. Baseline data is produced showing that protein profiling from CL infected patients 

can be used as an additional aid for disease diagnosis. SDS-PAGE followed by 

Western blot technique should be standardized and used for future sero prevalence 

studies in humans and animal reservoirs including domestic and wild animals. 

Western blot although not developed due to limited resources in this study is proved 

to be 100 percent sensitive and specific. 
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6. Classical methods like culture of field isolates should be done for future 

isoenzymatic analysis of Pakistani L. tropica and L. major strains and this collection 

may form the basis for a future Leishmania culture cryo-bank in Khyber 

Pakhtunkhwa. 

7. However, these molecular methods are expensive if used for routine clinical 

diagnosis in Pakistan particularly Khyber Pakhtunkhwa, yet these can be 

recommended for diagnosis of unusual clinical presentations of CL as a second line 

affirmation in an algorithm of disease diagnosis. 

8. A provincial committee for Leishmaniasis control should be established by health 

authorities in association of Ministry of Health that glues together all expertise and 

policy makers. Ministry of Health, universities, research institutes and NGOs should 

be recommended targets for such a team. 

9. Future research projects should be carried out for strain typing using multilocus 

microsatellite analysis for studying genetic heterogeneity in strains of both L. tropica 

and L. major. However, to be successful completion of these studies a mutual 

cooperation between Kohat University and Leishmania/sandfly research labs must be 

initiated.  

10. It is strongly recommended that proper record keeping/documentation system for 

Leishmaniasis must be initiated by health authorities at local, provincial and national 

level and well maintained in order to identify leishmania outbreaks so that control 

measures can be started well in time.  

11. It was observed that majority of patients with active CL lesions particularly with 

lesions more than 6 months were unable to afford Glucantime or Pentostan injections, 
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which worsen their disease burden and can result in social stigmatization if the patient 

is young female. So we want to draw attention of health authorities to provide free 

Glucantime injections to poor patients by starting a project with WHO in this regard.  

12. It is strongly advised that IDPs camps must be monitored regularly for cases of 

cutaneous leishmaniasis and all such cases must be recorded before introduction of 

infected IDPs to camps in non endemic areas and also in different families. 

13. Due to some limitations extensive research was not possible to investigate role of 

sandfly vector and animal reservoirs due to limited access to those areas of study 

districts that adjoin FATA, due to security risks. So, in future if possible further 

studies must be carried out to identify new endemic foci and to explore sandfly 

species, leishmania species and possible role of wild animal reservoirs responsible for 

spread of CL in this remote part of Pakistan. Further more, visceral leishmaniasis 

although is only reported from northern districts of Khyber Pakhtunkhwa and not 

reported from southern districts, yet, risk of visceral leishmaniasis in this part of 

Khyber Pakhtunkhwa is there because of changing ecologies of the diseases due to 

changing environmental factors all over the world. The detailed epidemiological 

studies using serological and molecular methods are required on mass levels to 

address the importance of this issue. 
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Questionnaire Proforma 
 

No.--------------------------------                                                             Date.--------------------------------- 
 

Name:___________________              Gender:           Male / Female 
 
Age:__________________     Occupation:  _______________  Education:_____________ 
 
Address:______________________________________________ 
 
Nationality   Local/IDP/Afghan        Location of IDP/Afghan refugee camp near by    Yes/No 
 
Nature of Lesion.       Dry / wet.                No.of lesions______________ 
 
Location of lesion:       Face / Neck / Hand / Feet / Nose. Etc 
 
Duration:     ________    months                          
 
Traveling History: ________________________________________________ 
 
Type of house/roof :     Cemented / KACHA     
 
Presence of animals in or near by house :    Yes/No   Type of animal :___________________ 
 
Have you knowledge about the disease leishmaniasis 
Occurrence season:               yes /No. 
 
Have you knowledge about the leishmania transmission/vector. Yes /No      
Type of treatment availed __________________________ 
 
Have you knowledge about the leishmania transmits 
to human.                              Yes / No. 
 
Access to treatment.       Yes / No   Type of treatment_______________________ 
 
 
Was any Hospital/ clinic services utilized?   Yes / No 
 
 
Sample:             Tissue lesion/Tissue biopsy/aspirate /Blood/ Both. 
 

      Positive              Negative 
Microscopy:        _________               ___________ 
PCR:                  __________              ____________ 
  

Mubbashir Hussain 
PhD Scholar (KUST) 
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Pic 1: Author taking tissue aspirate from the school girl with CL lesion on nose 
 

 
Pic 2: Author taking sample from a lesion on left leg of a school boy in district Karak 
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Pic 3: Author with his team collecting epidemiological data from a school in district Karak 
 

 
Pic 4: School children attending a class under trees in a school in an endemic village 
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Pic 5: A 6 year old girl with healed active lesion of CL after provision of free treatment with intra lesion 
Glucantime 

 
Pic 6: A 7 year old girl with CL scar (free intra lesional glucantime treatment offered during surveys) 
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Pic 7: Author taking sample from CL lesion on right foot of a 42 years old patient for culture 

 
Pic 8: Author recording epidemiological data from CL infected 8 years old boy 
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Pic 9: A 4 year old girl with CL active lesion on upper lip 

 
Pic 10: Author during active survey and sample collection in an endemic village of Kohat 
 


